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The Latest Application of Blast Furnace 
an Gases in America. 


Very striking evidence of the importance of 
i. ‘the gas engine in future power development may 
found in the announcement in the Current 

ews Supplement of last week that the two new 
plants of the Universal Portland Cement Co. are 
jto be operated entirely by electric power trans- 
itted from gas-engine generating units located 
convenient blast furnaces. As explained last 
k this company is a new adjunct of the U. S. 
1 Corporation, succeeding the Cement De- 
tment of the Illinois Steel. Co., and utilizes 
in its product, so that the present arrange- 
is beautifully devised to take advantage of 
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two valuable by-products. Of the two new plants, 
one with a capacity of 6,000 bbl. a day, will be 
located at Buffington. In this case the power 
will be generated at the works of the Illinois 
Steel Co., in South Chicago and transmitted over 
the intervening ten miles at 22,000 volts. The 
second plant will be at Universal, Pa. and will 
be similarly supplied from the Homestead works 
of the Carnegie Steel Co., ten miles distant, in 
each case the generating plant consisting of a 
pair of 2,000-kw. units. The plan is one that is 
particularly striking in that the waste gases which 
it is not always advisable to use on the spot can 
be fully and profitably employed in this allied 
industry. The local utilization of blast furnace 
gases for power is not uncommon and is usually 
economical, but this extension to subsidiary work 
at a distance is a very clever move in the direc- 
tion of saving waste energy. Of course blast 
furnace gases are not in themselves very desir- 
able fuel for a gas engine; they are not rich 
enough to work to the best advantage and they 
are far from uniform. But they would otherwise 
be wasted and under such circumstances their 
utilization is almost clear gain. Enough experi- 
ence has been gained in their use to show that 
it is feasible in every way and that it pays. From 
this to the present use is not a very long step, 
rendered easily practicable by the common owner- 
ship of the plants and the existing requirement of 
slag, which keeps them from being too widely 
separated. 

Cases like these stand quite apart from the 


-general comparison between steam and gas en- 


gines, by reason of merely nominal cost of fuel. 
Yet in the broader case the gas engine has re- 
cently been giving very good account of itself. 
So far as the fuel supply is concerned, a well 
designed gas engine using producer gas can un- 
questionably beat out even the best steam engines. 
owing to far higher thermodynamic efficiency. 
The points against the gas engine are higher first 
cost and probably larger depreciation. When 
producer gas is used the depreciation of the pro- 
ducer also becomes an item of some moment. 
At the present time no reliable data in these 
particulars as between steam engine plants and 
gas engine plants are available. Data there are, 
but they are vitiated by too large “personal equa- 
tions.” It is astonishing to see how two engi- 
neers supposedly competent and honest will take 
the same case and figure out for it diametrically 
opposite conclusions in this particular compari- 
son. Yet the great mass of evidence derived 
from Continental practice is pretty uniformly 
favorable to the gas plant. Apparently improve- 
ments have been pushed much farther there than 
here, particularly in large units. It is not un- 
likely, too, that the lower cost of labor abroad 
may be a factor of considerable importance in 
this: matter, as in many others. A big gas en- 
gine undoubtedly requires more attendance than 
a steam engine of the same power, and in this 
country such a requirement affects the cost of 
power far more than it does abroad. And, there 
being very little experience with big gas engines 
here to serve as a guide, the instinctive ten- 
dency is in the interest of safe conservatism, to 
over-estimate the unknown quantities, labor and 
repairs. There is also a tendency to consider 
producer and boiler-room as being upon much the 
same basis, which is unfair to the former in 
virtue of the great importance of gas storage. 
You cannot run boilers eight hours a day at your 
convenience and store the steam for use during 
the other sixteen hours. The plants just now 
under consideration have the very great advan- 
tage of obtaining fuel at nominal cost so that 
there is every reason to expect high economy in 
operation. The transmission work is exceedingly 
simple, so that the cost of power for the cement 
mills ought to be astonishingly small. With the 
varied industries which exist in the districts 
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where blast furnaces are common, it should prove 
feasiple to utilize this source of power in many 
other instances by a relatively short transmis- 
sion. A waste of energy is as much to regret 
as a waste of material. 


Some Legal Views of Boiler Testing. 


The fact that there is a considerable difference 
between a commercial test of a boiler plant and 
a warranty test seems to have caused the justices 
of the U. S. Circuit Court of Appeals, First Cir- 
cuit, some surprise, to judge from a decision in 
the case of Arkwright Mills v. Aultman & Taylor 
Machinery Co., 145 Fed. Rep. 783. No engineer 
who has had much experience with power plants 
expects to get as much regular service out of 
them as the warranty trials develop, although 
there are a few plants, like the pumping stations 
of the Metropolitan water-works in and near Bos- 
ton, which maintain surprisingly good results all 
the time. As a general rule, however, there is as 
much difference between a commercial test and 
a warranty test of a boiler plant as there is be- 
tween an ordinary road brush between a couple 
of motor cars and a race between the same ma- 
chines when they have been stripped, overhauled 
and put in the charge of the best drivers and 
machinists. All this is so well known.to the en- 
gineer as to hardly merit remark were it not 
for the fact that expensive litigation has recently 
been conducted which hinges directly on this 
feature of boiler testing. 
~ The facts of the case seem to be that the de- 
fendant agreed to furnish boilers to the plaintiff 
under the following warranty: “We furthermore 
guarantee that these boilers will show an evap- 
oration of 10% lb. of water from and at 212° per 
pound of dry Pocahontas coal, 1 in. draft, Prof. 
George H. Barrus to make the test.” The boilers 
were installed and steam turned on them early 
in 1898. The test was made somewhat more tham 
a year later by the engineer mentioned and showedi 
an evaporation of 9.497 lb.; this test was made 
after the plaintiff had complained of the efficiency 
of the plant, and its cost was equally borne by 
the two parties to the suit. The makers of the 
boilers contended, however, that it was not a 
warranty test, showing the best results that could 
be obtained from the installation, but merely a 
working test showing what the boilers were doing 
in regular use, but with the supervision’ of an 
expert. On this contention Mr. Barrus testified: 
“The test which I made was a commercial test 
to determine the evaporative efficiency of these- 
boilerssunder commercial conditions. My report 
states the evaporative efficiency of these boilers. 
under ordinary working conditions.” In another 
part of his testimony he stated that he did not- 
make a guaranty test conforming to the recog- 
nized engineering practice in such cases, his tes- 
timony reading: “My position is that by tuning 
the boilers up, by having an expert fireman, and 
by giving them every advantage, they might be- 
made to evaporate more water than is shown here. 
I should want, for a guaranty test, an expert fire-- 
man.” There are a number of points at issue 
in the case, in addition to those referring directly 
to the test, but the latter only need be mentioned’ 
here. 

It will be noticed that thirteen or fourteen 
months elapsed between the first starting of the- 
boilers and the time of the trial, and it was as- 
serted that this delay worked an injustice to the 
boiler makers. Uncontradicted testimony was in- 
troduced by the plaintiff, however, to the effect 
that a battery of boilers a year old, if it had been 
kept in good condition, ought to run a little better 
than directly after it was set up. Furthermore, 
the court points out an important fact that is 
often overlooked by engineers; the purchaser of 
such a plant has an option, on a breach of the 
warranty, to return the plant or to retain it and” 
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make a ‘claim for damages of the difference be- 
tween the valtte of the boilers actually received 
and the value of the boilers contracted for. It 
is important to observe this fact, for it is often 
asserted erroneously in the reports of engineers 
on the equipment of various plants that there is 
no further choice left to the prospective purchaser 
than to accept the plant if up to the requirements 
or to reject it wholly if below them. 

The more interesting question for judicial de- 
termination, however, was whether the test made 
by the expert designated in the contract was a 
proper test on which to decide whether the boilers 
had met the guaranty.. The court stated that in 
an ordinary business affair the customary busi- 
ness metheds would be considered as binding, but 
in a technical matter it was entirely rational to 
expect that a test made under the most favorable 
conditions would be better than any other for 
some purposes. In this contract no preference 
was expressed, and accordingly the expert must 
be assumed to decide what kind of a test should 
be made. “If, as a matter of fact, there is a dis- 
tinction between the conditions of commercial 
and guaranty tests, it is a part of the expert’s 
duty to create the conditions suitable to the form 
of test which he adopts. In this view we think 
it essential that the expert should be informed 
of the terms of the guaranty in order that he 
may apply his knowledge to the creation of the 
desired conditions.” This particular case, there- 
fore, depends in this respect upon whether the 
expert was requested to make a warranty test, 
which is not a detail of general interest. The im- 
portance of decision lies in its interpretation of 
an expert’s duties in testing boilers and the rec- 
ognition of the validity of tests made for the ex- 
press purpose of getting the highest possible re- 
sults, irrespective of the commercial or non-com- 
mercial conditions by which they are obtained. 


The Joint Responsibilities of Engineers and 
Contractors. : 


The responsibilities incurred in the construc- 
tion of many large engineering works are to a 
considerable extent carried jointly by the con- 
trolling engineers and contractors. It is true that 
the engineer is wholly responsible for the design 
in all its features and frequently for the main 
procedures followed in the work of construction. 
He takes the initiative in creating the conception 
of the structure or the machine designed to meet 
the exacting requirements of a given set of con- 
ditions in the most economical and efficient man- 
ner. It is fundamentally his duty to interpret 
correctly these conditions as they bear upon the 
interests at. stake, and he falls far short of dis- 
charging his proper functions if he fails to secure 
satisfactory financial no less than structural re- 
sults. All this pertains to the purely professional 
part of his operations, but there is much else to 
é€ngage his most careful consideration at every 
stage of his work after award of the contract. 

Even the most rational and effective design sets 
forth only the permanent parts of the required 
construction as they are expected to exist after 
completion. Indeed, it has been no uncommon 
experience to encounter the necessity of modify- 
ing or in some cases of radically changing many 
details of a design to meet successfully some 
feature of actual construction not before suffi- 
ciently considered, or perhaps entirely overlooked. 
The true excellence of a design is established 
largely by the convenience and economy attend- 
ing the actual putting in place of that which it 
represents. One of the chief merits of the 
American pin-connection system of bridge design 
and construction is its combination of excellence 
from a purely analytic point of view with remark- 
able ease, rapidity and economy in actual con- 
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struction. Again, the design of a masonry or 
other dam must involve not only the features re- 
quired for retaining the proper depth of water 
behind it, but it must also conform to a proper 
control of both the ordinary and flood waters 
during construction. Other cases of a similar 
nature could be cited in great number. 
Meeting these exigencies of construction or 
actual putting in place of the structure designed 
is without question one of the most important 
duties of the engineer, and it may be properly 
stated that the responsibility for this part of 
his work must be carried wholly by himself, al- 
though that statement may need modification in 
some of its applications. At any rate, there are 
certain responsibilities of a most serious char- 
acter lying wholly with him and involving the 
actual operations of construction which in no way 
bear upon or affect the professional work of de- 
sign. These are purely field operations and it is 
too often assumed that the contractor who un- 


‘dertakes the actual work of construction must 


carry this class of responsibilities. The latter 
view of the case has some reasonable founda- 
tion; indeed, that fact accounts for some of the 


erroneous views held in regard to this middle ~ 


zone of responsibilities, and it has led to many 
disputes and litigations profitable neither to the 
engineer’s client nor to the contractor. 
Specifications for engineering work, especially 
for large works, frequently set forth in addition 
to the design proper certain general stipulations 
regarding methods of actual construction and in 
many cases, while prescribing general conditions, 
they wisely give the contractor large latitude 
for the conduct of his operations. In such cases 
he may either follow the general procedures in- 
dicated in the specifications or possibly substitute 
others under the approval of the engineer which 
may appear to him more advisable. Whether he 
pursues the general plans outlined in the specifi- 
cations or others authorized, his responsibilities 
must necessarily be the same. It has frequently 
been contended that when the engineer sets his 
seal of approval’ upon general plans of construc- 
tion by which the work covered by the contract 
is to be executed, he thereby relieves the con- 
tractor of at least some degree of responsibility. 
Although’ his official approval may and does carry 
with it certain responsibility as to the general 
excellence of the plan of procedure meeting his 


- formal approval, that action cannot be construed 


as relieving the contractor of the burden under 
the contract of accepting “the svfficiency and effi- 
ciency” of his procedures. This is that middle 
ground of joint responsibility which every en- 
gineer should hold with the most conscientious 
realization of the seriousness of his position. 
Unquestionably it is his duty to guide the con- 
tractor in the plainest and most open manrer in 
this part, of his work. There should be no ob- 
scurity of language or veiled purpose of putting 
the matter in such a way as to evade conse- 
quences in case of failure or to secure commenda- 
tion in case of suceess. Although the direct re- 
sponsibility must, in practically every case, fall 
upon the contractor, it is the plain duty of the 
engineer to consider every main operation in the 
field with the same thoroughness and scrupulous 
care attending the actual design in the office. 
He shotld even scrutinize and criticise the char- 
acter and amount of the contractor’s plant with 
the. view of creating such conditions as will 
enable the work to be done in the most econom- 
ical and efficient manner, resulting not only in 
advantage to his client but also in business gain 
to the contractor. 

The most excellent designing work and the 


-most carefully conducted structural operations can 


easily be seriously injured or worse by ineffi- 
cient or negligent operations in the progress of 
construction, Obviously the contractor only is 
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responsible in such cases. Indeed “the sufficiency 
and efficiency” of any plan within reason is so 
largely dependent for successful execution upon 
the plant, organization and general administra- 
tion of them by the contractor that he properly 
must assume the total burden of responsibility 
for the conduct of his work under the contract 
after the general plans of procedure are deter- 
mined upon, but it is to be recognized by the 
engineer that he has a moral or professional 
responsibility in this same field, and that for the 
very reason of his immunity from contract lia- 
bility under all ordinary or reasonable circum- 
stances, the discharge of his part of this joint 
obligation should be characterized by the most 
scrupulous care. 


The Finish of Plain Concrete Surfaces. 


One of the subjects relating to concrete work 
which most needs discussion. at the present time 
is the method of finishing plain exposed surfaces 
of this class of masonry. The trade is in a fair 
way to cause itself considerable trouble by its 
neglect to distinguish between the finish suitable 
for a heavy retaining wall on a branch line in 
the mining regions and that appropriate for the 
walls of a city building. Concrete is used for 
such a great variety of purposes that it is neces- 
sary to differentiate between the finer grades 
and those useful for securing mass and weight 
alone. If this is not done we will remain far 
behind the skilled concrete artisans of Europe, 
who will turn out one month for a facade of a 


building a material having a fine, close texture . 


and clean-cut lines, and the next month a mass 
of rough and porous foundations for a street 
pavement. There can be no question about the 
‘ability of American workmen to execute heavy 
work in a satisfactory manner, but there can 
also be no question that architects and many 
engineers distrust their ability to cast in place 
walls which can be given a surface finish of a 
uniformity and texture suitable for a business 
building. It may even be said that a number of 
engineers hesitate to expose the surfaces of their 
massive concrete work in many places because 
they fear to risk having them discolored or 
marked by areas of a porous character. 

Those who have looked into this subject care- 
fully are likely to be most disturbed by ihe 
present tendency to regard as) Utopian any at- 
tempt to secure a good surface for plain concrete 
cast in molds. That it can be done is proved hy 
long and varied experience in Europe and by 
some work in this country. Unfortunately for 
us, there is considerable dispute as to what meth- 


ods can be safely employed with American ma- — 


terials and workmanship, one engineer claiming 
success and another announcing failure for the 
same method. The simplest case is that of long 
retaining walls. Some engineers seem to be will- 
ing to accept walls which are blotched with great 
discolored patches and stained with gray efflor- 
escence, others insist on a fair uniformity of 
color and a few demand and obtain surfaces 
which, like that of one of the retaining walls re- 
cently finished at the United States Military Acad- 
emy, is as uniform and fine as similar work built 
of good sandstone or limestone. 
to the finish of the plain surfaces on buildings, 
the matter is far more important. An unsightly 
blotch or efflorescence streaks on the facade of a 
concrete building will do so much to lower this 
type of construction, let alone the architect’s rep- 
utation, that very few members of that profession 
are willing to use exposed surfaces of such ma- 
terial. Consequently they ask for a finish of 
stucco or an outside course of brick or tile in 
order to be safe. This conservatism is natural 
under the conditions, but it is high time for the 
conditions to change. A stucco finish on a con- 


When it comes ° 


-— —_—s se 


"serious. 


OcroBerR 6, 1906. 


crete wall is out of place, from the point of view 
of a true craftsman, and it is time to bring to 
light and place on record some of the methods of 
obtaining good uniform surfaces. 


There are a number of these methods now in 
use, which have been employed successfully. For 
example, probably the best example of concrete 
house construction on this side of the Atlantic is 
the home of Mr. Alfred Mitchell, near Port 
Antonio, Jamaica, built by the Aberthaw Con- 
struction Co. from the plans of Mr. Horace 5S. 
Frazer. Its walls are masses of reinforced con- 
crete, which have shown no shrinkage, although 
some are quite long, 73 ft. in one case and go it. 
in another. The attractive appearance of the 
house is due in a measure to the skillful manner 
in which the surface finish brought out the spe- 
cial qualities of the light yellow coral rock and 
coral sarid used in the concrete. Mingled with 
the coral was a little clayey earth. of a brilliart 
crimson color. A little lime was used in the mor- 
tar to make it whiter and in conjunction with the 
earth produced a wall having a warm flesh tint. 
After the dull surface and board marks were 
removed by chipping with pneumatic tools or by 
washing with dilute acid, the resulting face was 
remarkably handsome. 


Another piece of work which has attracted wide 
attention for the excellent appearance of its sur- 
face is the reinforced concrete Boulevard Bridge 
built under the direction of Mr. George S. Web- 
ster over the North Penn R. R. at Philadelphia. 
In this structure the face is a mixture of one 
part cement, two parts sand and three parts gran- 
olithic grit, placed against the face of the form 
in a nominal thickness of one inch just ahead of 
the body concrete. While the concrete was still 
fresh the face planks of the forms were taken off 
and the surface washed with an ordinary horse 
scrubbing brush with water flowing over it from 
a sponge or hose. This removed the dull cement 
film and exposed the grain of the material. A 
general description by Mr. Webster of the meth- 
ods used in this and other structures was printed 
in this journal on April 28 of this year, and it is 
accordingly unnecessary to repeat it here. Sev- 
eral other methods which have been used suc- 
cessfully. are explained in Mr. L. C. Sabin’s “Ce- 
ment and Concrete.’ It is unnecessary to ex- 
plain them here, as the purpose of these comments 
is to point out that plain surfaces of concrete can 
be given a satisfactory finish for most classes of 
structures, architectural as well as engineering. 
It is natural, in view of the. present lack of gen- 
eral knowledge of the methods of securing good 
results, that there should be considerable hesita- 
tion in relying upon a concrete surface for many 
places, but as experience with good work is 
gained the advantages of treating the concrete so 
as to avoid the necessity of hiding it behind a 
plaster, a stucco or a veneer, will be self-evident 
to everybody. 


Notes and Comments. 


A Steet Water TANK recently placed on the 
roof of a Brooklyn factory fell through the five 
floors of the building, which was considerably 
damaged in consequence. About 300 hands are 
employed in the shop, and had the accident oc- 
curred during the working hours the loss of 
life and personal injuries would have been very 
The cause of the accident has not been 
definitely ascertained, but it is believed to have 
been a defective brick foundation for the tank. 
Another accident of the same character hap- 
pened a day later in Pittshurg, where a steel chim- 
ney on the roof of a building adjoining the Frick 
Building fell over and was only prevented from 
crashing to the alley below by being caught by 


a taller building across the alley. It was due to 


, 
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the parting of the guys. Both of these accidents 
again call attention to the necessity of giving 
careful attention to the design, construction and 
maintenance of all structures placed on the roof 
of a building. There seems to be an inherent 
tendency to neglect them, although the frequent 
serious accidents that result from doing so should 
be sufficient warning of the results of any care- 
lessness. 


Tue First Exectrric Train into the Grand 
Central Station at New York, was run down from 
Highbridge on September 30. Mr. W. J. Wil- 
gus, vice-president of the New York Central & 
Hudson River R. R. Co., who has been in charge 
of all the work of improving and electrifying 
the terminal improvements of the company, acted 
as motorman of the train and, at the end of 
the run, received the thoroughly merited con- 
gratulations of all present on the successful dem- 
onstration of the capabilities of electric traction. 
By the middle of next month the public will also 
be able to appreciate in some degree the great 
improvement in service which the work of the 
last three years will produce, for by that time 
electric service will be inaugurated regularly as 
far as Highbridge and Wakefield on the Central 
lines. The smoke nuisance in the tunnel lead- 
ing to the Grand Central Station will not be 
wholly eliminated for some months, however, for 
the electrification of the New York, New Haven 
& Hartford R. R. is not yet far enough advanced 
for steam to be abandoned on its lines. The elec- 
trification of the Central’s lines north to Croton 
and White Plains is held up for the present on 
account of the failure of the State Railroad Com- 
mission to act on the elimination of grade cross- 
ings. Enough has already been accomplished, 
however, to remedy the disagreeable features of 
the entrance into New York by way of the tun- 
nel, and to show to the discerning observer the 
marked improvements in suburban traffic accom- 
modations which will follow the completion of 
this great undertaking. A minor feature of the 
improvements which is of interest is that the elec- 
trification of the road does away with the old 
method of operating trains on the left-hand 
rather than the right-hand track; the entrance 
into the Grand Central Station has been one of 
the very few places in the United States where 
this practice was followed, although it is regu- 
larly used abroad. 


ForricN STREET PAVEMENTS do not seem to be 
so wonderful to City Engineer Fendall, of Bal- 
timore as they are often reported to be. He has 
recently returned from a visit to a number of 
European cities where he made a careful exam- 
ination of street conditions, and his remarks to 
representatives of Baltimore papers indicate that 
his inspection has led him to form the same opin- 
ion that this journal has held for a number of 
years. His official report has not yet been pub- 
lished, yet it appears from his unofficial state- 
ments that he considers the best American pave- 
ments equal, to say the least, to the best of those 
abroad. The Engineering Record agrees thor- 
oughly with this view. He found some of the 
leading streets in Paris marred by holes and ruts, 
just as is the case here, although there is a mis- 
taken popular impression that a hole is never 
allowed to appear in a pavement on an important 
street in the French capital, while the whole gov- 
ernment would be overthrown if a good old- 
fashioned rut were allowed to form. As a mat- 
ter of fact, there is no secret knowledge in the 
possession of the engineers of Paris or any other 
European city by which they are able to accom- 
plish paving wonders. They work under condi- 
tions which are more favorable for good results 
than are those in most American cities; they 
have more money for construction, the traffic 
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does’ not include such destructive loads on narrow 
tires as occasionally pass over our streets, the 
paving gangs are not followed so closely by 
others which tear up the pavements to lay up 
all manner of sub-surface works, and the appro- 
priations for maintainance are larger. Public 
opinion in Paris would never tolerate a street in 
the present condition of Columbus Ave., in Bos- 
ton, for instance, and consequently more money 
is available for keeping the pavements in good 
condition than is the case here. Just as soon as 
the manifold demands on the purse of a rapidly 
growing American city become so adjusted that 
funds are available for good pavements and regula- 
tions are passed and enforced to prevent the con- 
tinual tearing up of the streets, that city is in po- 
sition to obtain as good pavements as those of any 
European capital. We have just as good engi- 
neers and materials, and the only reason we 
have not yet so many miles of pavements of high 
grade to show is that we are comparatively young, 
have enormous expenditures for all kinds of pub- 
lic work that are incident to communities of vig- 
orous growth, and our appropriations for street 
improvements must be made in keeping with 
those for an infinite variety of other necessities. 


WarTER PuriFICATION AT NEw ORLEANS will be 
conducted on the mechanical system employing 
a coagulant, a fact that has recently caused con- 
siderable local apprehension as to the effect of 
alum on the consumers. As a matter of fact 
sulphate of alumina will not be used as a coagu- 
lant, as originally proposed, but a lime and iron 
process of coagulation will be followed, and it 
has been necessary for Mr. George G. Earl, en- 
gineer of the Sewerage and Water Board, to 
issue a circular concerning the proposed methods 
in order to convince the citizens that the purifi- 
cation of the supply will not really mean its con- 
tamination by noxious chemicals. The water 
will first be passed through a grit chamber large 
enough to hold about an hour’s supply, where 
the heaviest particles of the suspended matter 
will be removed by sedimentation. Then lime, 
and soda, when necessary, will be added in order 
to soften the water, which will pass next through 
lime-mixing chambers, where it will be in mo- 
tion for an hour at a sufficient velocity to keep 
the suspended matter and the applied chemicals 
well mixed while the chemical action is taking 
place. After this the water passes to coagulat- 
ing reservoirs large enough to hold about seven 
hours’ supply, where a large amount of the sus- 
pended matter will be deposited by the action 
of the lime alone. To assist in this action and 
bring the water to the filters in the condition for 
the most’ successful and economical filtration, 
sulphate of iron will be added, the circular stat- 
ing that “this has the effect of giving to the water 
the clearness and purity which would be obtained 
by the use of sulphate of alumina, with the advan- 
tage that its hardness and content of carbonic 
acid gas are eliminated or very greatly reduced.” 
The cost for construction and operation of the 
lime and iron process will not be materially more 
than that estimated for the process contemplated 
originally. It might be added in this connection 
that the citizens of New Orleans should recog- 
nize that the engineers responsible for the design 
and construction of these great works are just as 
desirous of preventing the contamination of the 
supply as are the consumers to whom the water 
will be delivered. These specialists are not at 
all likely to destroy their reputations, which have 
been built up by years of successful endeavor, by 
advising the people of a great city to use water 
which is in any respect unfit for a municipal sup- 
ply. This self-evident fact should in itself be a 
sufficient answer to any such criticisms of the 
purification process as were lately made in New 
Orleans, 
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THE HYDRO-ELECTRIC STATION OF THE GREENVILLE-CARO- 
< ; LINA POWER CO. 
A Low-Heap Water-PowEr DEVELOPMENT SUPPLYING ELectric PowEr ror MunicipaALt, RAILWAY AND 


INDUSTRIAL PURPOSES. 
By William S. Ide. 


The Greenville-Carolina Power Co. has just 
completed a dam and electric generating plant 
on the Saluda River, five miles west of Green- 
ville, S. C., which supplies power to the Green- 
ville Traction & Lighting Co. and to several cot- 
ton mills. The Saluda River rises in the moun- 
tains between North and South Carolina, and 
flows southeasterly until it unites, near Columbia, 
with the Broad, forming the Congaree River. 
Its water-shed of 300 square miles above Green- 
ville, is very precipitious and consequently it is 
subject to sudden and unusual rises which over- 
flow its low banks, which rises have to be con- 
tended with in building a plant of this kind. 

At the site of the dam the river is about 100 
ft. wide and falls about 6 ft. to the mile. Its 
bottom is of a shifting sand, of a good quality, 
under which lies a micaceous ledge of rock. On 
the east bank at this point the ledge rises abrupt- 
ly to a height of 100 ft., while on the west bank 
the ground rises on a gradual slope, well above 
the flow line. The crest of the dam is 36 ft. 
above normal river level and a 36-in. flash 
board is provided above this, backing the water 
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up about seven miles. To do this it was neces- 
sary to destroy two bridges and build new ones 
in their places, providing highways leading to 
them. ; 

The contract for building this plant was award- 
ed, under competition, to Messrs. J. F. Grandy 
& Son, of Greenville, S..C., but owing to finan- 
cial difficulties on the part of the contractor, their 
contract was annulled and a new contract made 
with the Loring N. Farnum. Company, of 
Boston, Mass., who carried the work through to 
completion with success. 

The plant consists of a dam, 275 ft. long, with 
abutment and core wall on the west end, a head 
gate wall 130 ft. long, a rack wall too ft. in length 
and a power house 84 x 105 ft. in plan, with a 
wire tower 14% x 4o ft. It contains about 21,000 
cu. yd. of concrete masonry. 

The dam proper is built on a curve having a 
radius of 859.92 ft. It is 47 ft. wide at the base 
and, by curves and batters on the down-stream 
face, is reduced-to 9 ft. 2 in. at the top, the up- 
stream side being vertical; 3-in. pipe, 24 in. 
long, are set in the crest of the dam 8 ft. on 
centers to act as sockets for the shafts support- 
ing the flash board. The dam is constructed of 
ballasted concrete, the concrete being mixed 
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1:3:6, excepting on the faces where for 1 ft. 
in width a mixture of 1:2:5 was used. 

The. abutment at the west end of the dam is 
built in the form of steps, through which a fish- 
way is built, and is 1o ft. higher than the roll- 
way. From this abutment an earth dam with a 
core wall is projected about 80 ft. to where its 
top meets the natural surface of the ground. The 
head gate wall forms the North side of the power 
house and is built to the same height as the west 
abutment. It starts at the east end of the dam 
and 130 ft. east abuts in the solid ledge. This 
wall is 40 ft. in width at the base, and by steps 
on the lower side is reduced to Io ft. at the top; 
it is composed of 1:3:6 concrete ballasted. In 
this wall are>'set the penstocks leading to the 
wheel cases, and also two 36-in. waste ways just 
below the penstocks, designed to carry away any 
sand which may deposit in the rack basin. 

The rack wall just north of, and forming an 
angle with, the headgate wall, is a narrow wall 
built up to the grade of the penstocks and ‘sup- 
ports one end of the steel bents (the other end 
resting in the head gate wall), against which lean 


the rack frames and over which a platform is 
built. From this platform the trash and drift 
wood is raked up, and later carted away over 
a road leading out from the end of the platform. 

The power house is a brick structure of mill 
type set on.,,staggered piers of concrete, arched 
first in line forming a beam and then across from 
beam to beam, thus forming the floor. This 
gives a free outlet for the tail water on both 
the south and west sides of the building. A 
floor built over the wheel cases about to ft. 
above the level of the generator room affords 
a storage room 100 x 28 ft., which may be en- 
tered by stairs from the generator floor or from 
the outside by a door on the east side of the 
building. 

The roof over the generator room is supported 
by steel trusses on steel columns, the remaining 
portion over the wheel cases by heavy timbers 
resting on wooden columns. It has a pitch of 
Y% in. per foot and is covered with roofing felt 
and gravel laid in pitch. 

_A crane of 15,000 lb. capacity, furnished by the 
Brown Hoisting Co. Cleveland, Ohio, travels 
the length and breadth of the generator room. 
It is supported by pilasters on the building end 
and by brackets, built on the steel columns sup- 
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porting the steel roof trusses, on the other end. 

The wheel equipment was furnished by the S. 
Morgan Smith Company, York, Pa., and consists 
of four pairs of 33-in. turbines, one pair of 2I- 
in. turbines and one 15-in. wheel used for an ex- 
citer. The wheels are set in wrought-iron cases, 
connected with 9-ft. penstocks for the 33-in. 
wheels and a 6-ft. penstock for the 21-in. wheels. 
while a 36-in. pipe, tapped off the 6-ft. penstock 
just inside the head gate wall, carries water to 
the 15-in. exciter wheel. 

A belt-driven pump supplying the water sys- 
tem, is connected to the shaft of the 15-in. wheel. 
The draft tubes are riveted to the wheel cases 
and are set in the concrete floor of the building. 
These draft tubes project 18 in. below normal 
water. The 33-in. wheels supply power to the 
cotton mills and are controlled by cylinder gates 
operated by Woodward governors; a Woodward 
governor also controls the 15-in. wheel. The 21- 
in. wheels furnish the power for traction and 
lighting and are controlled by a Lombard goy- 
ernor. The wheels are directly connected to the 
generators. 

The power house equipment is arranged for 
the generation of 2,600 kw., 13,200-volts, 3-phase 
current. This total capacity is furnished by four 
600-kw. generators and one 200-kw. generator, 
all of which are designed to generate directly 
13,200-volts, 3-phase current. The exciting cur- 
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rent for these generators is derived from, two 
30-kw. exciters, one 12%-kw. exciter, and one 
70-kw. exciter, all 110-volts. The 70-kw. exciter 
is to be used as the main exciter and is direct- 
connected to a water wheel, in order to give 
it an independent drive and thus avoid any 
fluctuation of speed due to changes of load on the 
generators. Each of the 30-kw. exciters is so 
arranged that it can be belted to either of two 
600-kw. generators and the 12%4-kw. exciter is 


belted to the 200-kw. generator. 


All of the wiring between the switches and 
machines is carried in ducts and conduits laid 
in the concrete beneath the floor. For the leads 
of the high-tension generators three-conductor 
rubber-insulated Jead-covered cable is used. 
This cable is carried from the generator imme- 
diately to its 3-phase oil-insulated coil, which 
is connected between the switches and the gen- 
erators to limit the current between machines 
in synchronizing and also as a lightning protec- 
tion to the generator. For the arrangement of 
oil switches, bus bars,.series transformers, and 
shunt transformers, a concrete bus-bar structure 
is used in which these various pieces of. appar- 
atus are placed in such a way as to make the 
apparatus for each generator in a compartment 
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by itself. The oil switches are controlled from 
- the panel board by means of connecting rods 
and bell cranks. This concrete structure is placed 
in an alcove and immediately in front of it, 
_ but in the power house proper, is placed the 
control board which consists of the ordinary gen- 
: erator, panels, exciter panels and feeder panels. 
_ One feeder panel is placed at each end of the 
= board and has on it the recording watt meter, 
4 


ammeters and the levers for controlling the feeder 
oil switches in the rear. The reason for placing 
_ these feeder panels in this way is to provide 
for cutting the bus bars into two sections by 
means of the hook switches located approximately 
at the center. By this arrangement the éntire 
station can be operated as two distinct units, 
one consisting of three 600 kw. generators and 
the other of one 600-kw. generator and one 200- 
kw. generator. 

_Each generator lead and also the feeder leads 
are connected to the bus bars by means of dis- 
connecting switches, which are located in the 
circuit between the respective oil switches and 
the bus bars, by which method it will be observed 
that any high tension wires or oil switches can 
be disconnected from the bus bars very easily 
and thus allow repairs and other work to be 
performed on the oil switches or other appar- 
atus with perfect safety. The rear wall of the 
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alcove, that is the wall immediately behind the 
‘bus-bar structure, is used to accommodate an 
equipment of low equivalent lightning arresters ; 
as there are two lines leaving the power station, 
six of these arresters are required, and each one 
is connected. to the line which it protects by 
means of a hook switch, thus enabling the at- 
tendant to disconnect the arresters from the line 
in case of any necessary fepairs. All six wires 
_ above referred to are carried through walls by 
means of 12-in. terra cotta pipe with a bell on 
the inside and %-in. plate glass disc inside the 
- bell, the wire passing through *a hole in this 
_ disc. All electrical apparatus for the main sta- 
‘tion including wiring, machinery and switches, 
was furnished and installed by Westinghouse 
Electric & Mfg. Co. 

Transmission Lines—The main points for re- 
ceiving this power are three, one being the 
Brandon Mills, which is about 3 miles from 
the power house, and where approximately 1,500 
oh. -p. is to be used, another, the Carolina Mills, 
where 250 h.-p. is used, and the third being the 
: main’ ‘distributing sub-station in the city of Green- 
ville, this sub-station being 5.8 miles from the dam. 
In arranging the design of this line, it was con- 
red very important to arrange every possible 
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safeguard to insure continuous service, as the 
load in the city consists largely of public ser- 
vice. It was therefore deemed advisable to run 
a double delta line and arrange switches in the 
sub-station and power house, so that these lines 
could be run in parallel, or one line could be run 
alone in case the other became defective, and thus 
allow repairs to be made on the latter without 
shutting off the power entirely. 

The construction used in this line is all heavy 
and substantial work. The insulators were ob- 
tained from the Lima Co. and have 634-in. pet- 
ticoats and are made of porcelain with chocolate- 
color glaze. The pins were obtained from the 
Locke Insulator Mfg. Co., and have a wooden 
top with 54 in. through galvanized bolt with nut 
and washer on the under side of the cross arm. 
The braces are 2 x 2 x 3/16-in. angle iron, each 
brace being in one piece, and are fastened to the 
cross arms and poles by galvanized lag screws. 
The wires are placed 24 in. apart, one delta line 
being on each side of the pole. The cross arms 
are of long leaf yellow pine, and have dimen- 
sions of 334 x 5% in., the top or the long arm 
measuring 7 ft. 4 in. and the botom 5 ft. 4 in. 
This arrangement of cross arms was used because 
in case of repairing the line there is plenty of 
room for a man to work on various insulators, 
because in going up the pole he has to pass 


Power 


between only two wires which are placed a con- 
siderable distance apart. The poles used on this 
line are of Southern white cedar or juniper, and 
considerable care was exercised in demanding 
full measurements of tops and butts in order to 
insure full strength. The requirements indicated 
top measurements of not less than 8 in. and butt 
measurements of not less than I5 in. for a 35- 
ft. pole, which was the standard used. 

Before beginning any actual construction work, 
the route of the line was carefully laid out 
so as to have the line as near as possible to the 
wagon road in order to facilitate building a new 
line and also repairing the same, and at the 
same time have as few angles as possible. As 
the country was somewhat rolling, a profile of 
the line was made and the poles locoated on it, 
so as to make easy curves over the hills and ra- 
vines. This was accomplished by.placing poles 
at the sides of ravines, and in some cases by 
using longer poles than the 35 ft. standard length. 
By grading the line this way, and using the 
same tension in pulling up the wires any upward 
strain on the insulators was avoided. The method 
of anchoring the wires at each end of the line 
and also at the middle point is worthy of notice. 
This was done at the power house end by means 
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of gallows construction in which five poles were 
used, and which were guyed strongly to dead 
men. The transmission wires were carried di- 
rectly over the five insulators (this being the 
number used to hold the strain), and the insula- 
tors on double cross arms were bound together 
with galvanized wire. The transmission wire was 
fastened to this combination by a bent piece of 
copper wire, the ends of which were soldered to 
the same point on the transmission wire and the 
loop slipped over the top insulator. By this 
method it will be noted that the strain was thus 
transmitted to the two insulators and that the 
transmission wire was in no way kinked in its 
path along the insulators. This same construc- 
tion of cross arms and anchoring was used at 
the middle point, which is located near the 
Brandon Mills. At the city end of the line it 
was found that stich an arrangement would be 
too clumsy for the street and two poles were 
set 10 ft. apart and braced together with long 
cross arms, each pole having double cross arms 
for the transmission wires and the same method 
of tying being used At all angles a number of 
poles were set at a distance from 80 to IIo ft. 
apart, so that the wires could be carried around 
a curve, thus distributing the strain on several 
poles, all of which carried’ double cross arms and 
were heavily guyed. 


House During Construction. 


Between the power house and the Brandon 
Mills sub-station No. 2 bare copper wire was used, 
and between that station and the one in the city, 
No. 3 bare copper wire. Before setting the poles, 
all of the butts were given two coats of a mix- 
ture of hot tar and rosin, in order to prevent 
decay. On an ordinary straight line where there 
were no particular obstacles such as ravines and 
hills, the spacing between poles was 110 ft. but 
this distance was varied at different points on the 
line up to 120 ft., this being the greatest distance 
used. ; 

In crossing telephone lines, the spans are made 
as short as possible and a grounded cradle was 
placed below the transmission lines to prevent 
contact in case one of the high tension wires 
should fall. On Broad St., in Greenville, which 
is a semi-business street, and which crosses the 
principal business street, poles 50, 60 and 65 ft. in 
length were used in order to clear trees and other 
wires, 

Thescost of this line was approximately $2,200 
per mile, and although the electrical features have 
not yet been tested, judging from a mechanical 
standpoint, it should give thorough satisfaction. 
An observer is impressed with the ruggedness 
of construction, the small number of angles in 
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the country portion (there being one tangent line 
over a mile long), the manner of providing for 
these angles and the graceful curves obtained in 
passing over rolling country. 

Sub-station.—As noted above, the Brandon Mill 
sub-station is arranged for the transformation 
of 1,500-kw., this power being used for driving 
the cotton mill at a voltage of 550 volts. The 
equipment of this station consists of three 500- 
kw. transformers delta-connected, fused  cir- 
cuit breakers, low equivalent lightning arresters 
and three selector switches which are used to 
connect the transformers to either or both of the 
high tension lines. 

The sub-station in Greenville is for the pur- 
pose of supplying three services, one for traction 
requirements, a second for lighting purposes and 
a third for 2,200-volt distribution in the city. 
The first two powers are sold from the secon- 
daries of the step down transformers to the 
Greenville Gas, Electric Light & Power Co., for 
which reason the sub-station is located on a lot 
adjoining their property. The power is brought 
to this station at 13,000 volts to avoid the neces- 
sity of having another transformation in the 
system with its usual objection. The two three- 
phase lines are connected to high tension bus 
bars by means of hook swiches, by which as at 
Brandon Mills, the transformers can be con- 
nected to either or both lines. The 13,000-volt 


A Flood in the River. 


primaries of the three sets of transformers are:. 


connected to the bus bars by fused circuit break- 
ers, the transformers for lighting purposes be- 
ing arranged to transform from 13,000 volts 
three-phase to 2,200 volts two-phase current, those 
for traction purposes to 420 volts six-phase (dia- 
metrical) and those for power distribution to 
2,200 volts three-phase. Wires for the six- 
phase rotaries in the near-by power house and the 
wires for the 2,200-volt lighting service are car- 
ried to that station under ground, in multi-duct 
conduits. This sub-station as well as the one 
at Brandon Mills, presents a very substantial 
appearance, both being of brick, with concrete 
floor and tar and gravel roof. 
Construction.—When construction of the plant 
was started, the first work the contractor did 
was to build quarters for the men. Negro cabins 
were built on the south end of the property to 
accommodate about 250’ men; above these and 
about 1,000 ft. away, the white men’s quarters 
and an eating house were established. The com- 
‘missary was located a short distance from the 
negro camp, as the negroes obtained their rations 
here, no boarding house being needed for them. 
During the work of the first contractor, but 
few white men were employed, consequently, 
when the Farnum Co. took up the work, bring- 
ing with them about 80 white men, such as fore- 
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men, mechanics and general utility men,. this 
camp had to be remodeled and enlarged. A large 
dining hall was built and a competent Northern 
cook installed. 

The power company built a modern 6-room 
cottage to be occupied by the superintendent, a 
2-room cottage for the assistants and a stable. 
The grounds around these buildings were nicely 
jaid out in park style. 

For fire protection, a 10,000-gal. tank was erect- 
ed, 4-in. mains laid and hydrants set convenient 
to the buildings, water being pumped direct from 
the river into the mains. 


On the east bahk of the river and just south ‘ 


of the dam site, a quarry, which had been pre- 
viously worked by the Southern Railway for 
stone used in the abutment of a trestle on which 
its tracks crosses the Saluda River about one- 
half mile south, was opened. This quarry was 
of a mica schist quality except in veins where 
good rock was found. The decision was soon 
made that it would not pay to work it, and an- 
other quarry about 1,000 ft. north was opened. 
In this second quarry an unlimited amount of 
good hard rock was found, and nearly all stone 
for crushing was obtained from it. A gravity 
railroad was built from this quarry to the crusher 
which was located on the east hillside, just 
north of the head gate wall of the plant. The 
stone cars dumped directly into the crusher and 
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low and at either side of the stone bin, and over 


each was a measuring hopper for the stone, sand 
and cement. From the mixer a double-track nar- 
row-gauge railroad, extended some 4o it. north 
of, and the full length of the dam, on a high 
trestle, which carried the track across the river, 
well above flood water. This railroad was grad- 
ed slightly away from the mixer, so that the 
buckets of concrete set on a flat car would coast 
to their destination and when empty could be 
easily pushed back to the mixer by two men. 

Derricks placed conveniently along the north 
side of the dam took the buckets of concrete from 
the railroad and placed them when needed, while 
derricks set on the south side of the dam han- 
dled the ballast stone. 

Under the contract the power house was to 
be completed first, in order that the wheel equip- 
ment and electrical apparatus might be set in 
place by the time the remainder of the work 
was finished. Accordingly, a cofferdam was 
built to include the power house and tailrace, 
the head gate wall, the rack wall and about 25 
ft. of the dam, thus narrowing the river down to 
about 50 ft. This cofferdam was built up about 3 
ft. above normal river level. The season proved 
very wet, and many set-backs were encountered 
by the sudden rises of the river, which over- 
flowed and scoured out around the cofferdam, 


causing it to leak badly when the river resumed 
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the stone, after passing through it, was deposited: 
by a conveyor belt into bins, from which it was 
drawn as needed directly into the hopper of the 
concrete mixer. 

Another quarry was opened on the west side 
of the river. south of the dam, and from it 
was quarried the greater part of the ballast 
stone., ,This stone was conveyed to the work on 
wagons. 

Along the east bank of the river above the 
dam, floods had deposited a large amount of 


“sand. This sand was used for- making concrete 


until exhausted, when it became necessary to 
find a new supply. Accordingly, a derrick fitted 
with an orange-peel dredge was set on the bank 
of the river, and first quality sand was taken 
from the river bed. This sand was hauled con- 
venient to the concrete mixer on wagons. 

First quality Portland cement, of different 
brands, was used throughout the job. The ce- 
ment was stored in sheds on the brow of the 
hill just back of the crusher, and as needed, it 
was wheeled over a platform some 20 ft., and 
dumped into a chute leading to a small house 
set over the crushed stone bins, from which it 
was emptied into chutes leading directly to th 
mixer hopper. = 

One 3%4-yd. Ransome concrete mixer and one 
Smith mixer of the same capacity were set be- 


its. normal level. So that only the headgate wall 
had actually been started when the contract with 
the original contractors was annulled in Decem- 
ber. 

When work was again started, this coffer was 
repaired and built up about 6 ft. higher, and 
the work inside pushed to completion. It was 
necessary to excavate much deeper here for a 
suitable foundation than was anticipated, the 
rock being soft and seamy for a considerable 
depth. ‘ 

Meantime, work was being carried on on the 
west side of the river. A trench 12 ft. wide 
and 60 ft. long was dug on the bank about 15 
ft. from the river; this was tight sheathed and 
carried down to suitable foundations, and in it 
a section of the dam was built up well above 
river level. From each end of this section a 
line of 4-in. sheathing was driven, with a 1,000- 
lb. drop hammer, to a ledge about 50 ft. each 
side. This line of sheathing served to keep the 
river from leaking into the remainder of the 
excavation on the west side and later to connect 
the two cofferdams extending across the river. 
The foundation on the west side was somewhat 
peculiar. Good hard rock foundation was found 
extending about half the width of the abutment, 
then dropped off perpendicularly, leaving a tri- 
angle under the northwest corner where rock 
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_ maining part of the dam to be built. 
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was not found. This ledge ran diagonally with 
the dam, and after about 100 ft. ran out and a 
micaceous rock was found. About 6 ft. of this 
was excavated and deep grooves cut into it 
lengthwise with the dam, and the masonry filled 
in tight against the banks. As this work was 
built up, four 4 x 6-ft. openings were left in the 
concrete to carry the river while the remaining 
portion of the dam was being built. The open- 
ings were spaced 8 ft. apart on centers and arched 
over, the concrete being brought up 4 ft. and 
the dam on each side was carried up to com- 
pletion, thus leaving a gap about 32 ft. wide to 
provide for floods, which the waste way would 
not carry. The up-stream faces of these sluice 
ways were fitted with gate slides, and from the 
top of each opening 3-in. pipes were brought 


' up vertically to act later, as grout pipes when 


these openings were filled. Canals were dug on 
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rise to flow through the wheels, satisfactory ar- 
rangements to do this having been made with the 
mills below. The four waste ways were thus 
filled from the front, and cofferdams and other 
obstructions on the down stream side removed 
to give a clear way for the flow of water through 
the tail race. 

When this work was begun the contractors 
were paying $1 for 10 hr.’s labor; by September 
labor was scarce at $1.25 for 10 hrs. and when 
the Farnum Co. took up the work, they decided 
to bring in Italian labor; accordingly, quarters 
were built and 100 men brought down from 
Boston. Shortly after their arrival here one 
of their number died of pneumonia, and two 
others met with accidents; this seeined to unset- 
tle the men and the first pay day, they declared 
a strike for more money; this demand was re- 
fused, and all but ten returned North. As labor- 
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The Central Power Station of the Chicago 
& Western Indiana Ry. 


A central power station designed to meet pe- 
culiar operating requirements has recently been 
completed for the Chicago & Western Indiana 
Ry., in Chicago. This railroad is the one over 
which the Wabash, the Erie, the Grand Trunk, 
the Chicago, Cincinnati & Louisville, and the 
Atchison, Topeka & Sante Fe Railroads secure 
an entrance to the city. Its present terminal pas- 
senger station is on Dearborn St., near the cen- 
tral business district of the city. The elevation 
of this railroad company’s tracks and of the yards 
of the railroad companies dependent on it for 
terminal. facilities, to eliminate grade crossings 
on the cross-town city streets, is just being com- 
pleted from this terminal station to the south 


either side of the dam to divert the river from ers, the Italians proved no better, if as good as as far as 81st St., a distance of eight miles. The 
hs 
ea Se ere YO deb IT 
SSE Vers ‘ ge 35 KW. (rotor Cengrator 
Adseipes 3 Hi Exciter Set | 
Se! » Above i = Switch Board j 
C i 120 AW STarine : 
Ry Grates i |"Engine Ser Office | 
Sis i 
Q i 
: & it 
NY eo} x ; i 
3 ‘O- iS 
Q LS allan t 
pee 10 1: : ? 
eet GMS Office 
pS ce || (eH $ 
alla 
3 Ss IN 8 
AUG LENE i {ip 
G S Sat i UWE 
So] s fea OG A) s 
Tae i (pa eK S iS 
cll & Se “HE 2 & 
Ss x= 9} a se) 
s si 8 Sig N o 
Si S iP Oo : Y N X 
S Oo. = ig Ss 
ys (eon ay “tis 
Pale 
aie 
x ESE H 
BN pS 
2 { 
N) H —N\SI 
& $ 
5 SS | 
NX Q f | pee == Se APE ap ap phe oe cecbenghtndey Soon Shae haw mae ener. Sey 
’ 4 4 /500' Air Compressor aN 
& ! Tt iy 
x i a = 5 el Trap \ Door 
ad g I : : \\750 Air Compressor 
88 vy, s Vii 3a 
Ss We H rare = 
: ta a ae yi 
se 6 Sete | Ses ' a Preceiving 
cy : Sa See Suda es apres eects tees Flattorim 
Locolmotive oppere Ss 4 
Q 
Gre Z Se 
SS 


P 


General Plan of the Central Power Station of the Chicago & Western Indiana R. R. 


its natural course through these 4x6-ft.. openings. 

While this work was in progress, a cofferdam 
of heavy construction was built across the river 
just above the dam site, and the river was then 
turned through the new channel. Another coffer- 
dam of lighter construction was built across the 
Tiver about 200 ft. south, thus enclosing the re- 
Little 
trouble was encountered here, the cofferdams 
Proving tight, and good hard rock was found 


_ for 75 ft. under the east end, while the remaining 


foundation was of the same mica ledge previous- 
ly mentioned. As this section of the dam was 
completed, masonry was started in the gap over 
the temporary waste ways and carried up, mak- 
ing the dam complete. This masonry was given 
two weeks to dry out and harden and then gates 
were dropped over the temporary openings and 
the river shut off until such time as it should 


the negroes, and they demanded more money. 
After this, $1.50 per day was offered for negro 
labor, with a bonus of 10 cents a day to those 
who worked six days a week. This proved a 
drawing card, and there was little trouble in 
securing labor thereafter. 

The entire plant, including the original sur- 
veys of land, the design of the dam. and power 
house, the electrical apparatus and transmission 
line complete was done under plans made by 
Messrs. Lockwood, Greene & Co., engineers, of 
Boston, Mass. The supervising engineer was 
Mr. Wm. S. Ide, and the representative of the 
contractors, the Loring N. Farnum Co., was 
Mr. C. E. Hewins. The Greenville-Carolina 
Power Co. is owned by South Carolina and Bos- 
ton interests; its president is Mr. Alester G. 
Furman, of Greenville, S. C., and its treasurer, 
Mr. E. F. Greene, of Boston, Mass. 


central power station furnishes electric power for 


‘lighting and for various other purposes in the 


yards, streets, subways and suburban stations con- 
nected with these elevated tracks, and the Dear- 
born St. station, as well as to a car repair shop 
and an electrically operated grain elevator. Steam 
and hot water for heating, compressed air and 
cold water are also supplied from it to a passen- 
ger car storage yard having a capacity of 750 cars. 

The power station is on the railroad company’s 
right of way, near sist St., a little to the south 
of the middle of the track elevation work. The 
station building is 82x150 ft. in plan and is built 
so that when its present size and capacity are 
doubled it will become a symmetrical structure. 
It has brick side walls supporting steel roof truss- 
es carrying book tile laid in tee irons and water- 
proofed with 5-ply felt roofing laid in tar and fin- 
ished with gravel. The building consists of an 
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engine room, 84x82 ft. in plan, at one end of the 
building and a 50x82-ft. boiler room at the other 
end, with a pump, valve and steam auxiliary 
room, 13 ft. wide between them. The floor of the 
three rooms are at the same level, 8.5 ft. below 
the grade of the tracks in the elevated yards on 
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method of operation is to set the crusher so that 
it will pass all coal of 5-in. cubes and smaller. 
The product of the crusher is elevated to the 
cupola by the bucket conveyor, and is there dis- 
charged over a grizzly which separates the pieces 
34 to 5 in. in size and diverts them into the loco- 


Cea/ Bunkers 


Cross Section Through Boiler Room. 


both sides of the station building. The concrete 
footings on which the side walls of the building 
are built are designed as retaining walls and are 
continued up to the grade of the tracks on both 
sides of the building. 

Coal Conveying Equipment.—When the capac- 
ity of the present station building is doubled, with 
a corresponding increase in the size of the build- 
ing, the boiler room will have three bays extend- 
ing transversely across the building. Batteries of 
boilers will be located in the two side bays, while 
the central bay will provide a firing floor at the 
main floor level and will contain overhead coal 
bunkers in a monitor erected over it. One of the 
side bays and the central bay are included in the 
portion of the station that has been completed. 
In this side bay is located the battery of six 
300-h.-p. Stirling boilers, which supply steam to 
operate the plant. The bunkers and the coal con- 
veyor serving this battery of boilers have been in- 


stalled in the half of the central bay adjacent to- 


the latter. 

The general arrangement of the coal conveying 
equipment is shown in the accompanying cross- 
section through the boiler room and in the longi- 
tudinal section of the station building. The coal 
supply for the boilers of the power station is 
handled in conjunction with that for a locomotive 
coaling chute erected just outside the building at 
one end of the boiler room. This chute has a 
capacity of 200 tons, its hoppers being elevated 
on a steel structure so as to clear a supply and 
coaling track that extends along parallel to the 
side of the building. Over these hoppers is a 
cupola containing the electric motors which drive 
a pivoted bucket conveyor arranged as shown in 
the two accompanying drawings to which refer- 
ence has been made. 

A receiving hopper is built under the track 
along the side of the building and immediately 
under the coaling chute. Mine-run coal is dumped 
into this hopper, from which it is passed to a self- 
contained motor-driven crusher. The usual 
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supplied with clean coal of uniform size, such 
as is best adapted to their needs, while the fine 
coal and slack are consumed under the stationary 
boilers of the power plant where good results with 
it are more easily obtained. 

The bunkers supplying the furnaces of the boil- 
ers of the power plant have a total capacity of 
300 tons. Each boiler furnace is equipped with a 
Green automatic chain grate stoker, the feeding 
hoppers of which are supplied by chutes leading 
down from under-cut gates on hoppers on the 
under side of the overhead bunkers. These gates 
are controlled by chains from the firing room 
floor. The stokers are driven by an electric motor 
suspended from the ceiling of the basement under 
the boiler room, or by a small steam engine. 

The ashes from the boiler furnaces may be 
temporarily stored in a small concrete-lined hop- 
per under each of the stokers. The hoppers are 
provided with sprays for quenching the ashes, 
controlled from the boiler room floor level. The 
bottoms of these hoppers are so arranged that the 
ashes are discharged from them into the horizon- 
tal flight of the coal conveyor in the basement. 
The conveyor elevates the ashes to an ash storage 
pocket over the track at the end of the boiler 
room, which discharges into cars on that track. 

Boilers and Steam Connections.—The six 300- 
h.-p. Stirling water tube boilers in the boiler room 
are placed in three pairs and are operated at a 
pressure of 150 lb. ‘The ratio of the heating sur- 
face of these boilers to surface of the traveling 
chain grates is 50 to 1. The boiler furnaces con- 
nect with a breeching built up of steel plates. 
This breeching is suspended from the roof trusses 
and is insulated with 114-in. air-cell blocks cov- 
ered with canvas coated with fire-resisting paint. 
The breeching connects with the brick stack 
which serves the plant. The base of this stack, 


General View of the Station Building. 


motive coaling hoppers. The small pieces and 
screenings that pass through the grizzly are re- 
turned to the bucket conveyor again and carried 
by it to the bunkers supplying the furnaces of the 


‘boilers of the plant. The bars of the grizzly may 


be spaced closer together in case there is not suf- 
ficient coal retained by it for the locomotives, or 
the limiting size of coal passing the crusher may 
be changed. The locomotives are in this manner 


16ft. square and 49 ft. high, is within the build- 
ing at one end of the narrow room between the 
boiler and engine rooms, as shown in the accom- 
panying plan. The stack, which has a total height 
of 182 ft. 3 in. above the grates and an internal 
diameter of 9 ft., was built by the Stein] Chim- 


ney Construction Co. 


The boilers are: equipped with Foster super- 
heaters which are arranged, as shown in the longi- 


. 
: 
7 
; 
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tudinal section of the station building, so flue 
gases strike the superheater at an almost maxi- 
mum temperature. The arch over the grate is so 
placed, however, that the entire volume of gases 
does not pass the superheater, a portion of them 
being diverted up back of it directly through the 
boiler flues. A thermometer in the pipe to the 
main steam header is in plain view of the fireman 
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also provided, so that if either half of the main 
header is not in service these units may be sup- 
plied. The connections between the header and 
the boilers are fitted with Crane automatic 
stop and check valves in the boiler room and with 
Crosby angle valves at the header. Steam is sup- 
plied to the passenger coach yard through a Io-in. 
pipe controlled by a Foster pressure reducing 
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with a pressure regulating valve so if the pressure 
in the city main fails the service tank pressure is 
immediately turned on the storage tank in the 
plant. The basement of the room beween the 
boiler and engine rooms contains two 10x6x1I2-in. 
Marsh steam pumps, one of which supplies water 
to the service tank in the railroad yards. A 5%x 
8-in. Stillwell-Bierce and a 7x8-in. Smith-Vaile 


Longitudinal Section Through Boiler and Engine Rooms. 


Chain Crate Stokers Under Boilers. 


so that the temperature of the steam may be ob- 
served and controlled. 

The main steam header is carried on wall brack- 
ets in the pump and steam auxiliary room. It is 
18 in. in diameter, and is divided in two sections 
connected by an 8-in. expansion loop. An auxil- 
jary header, to which the supply lines to the 
various steam consuming units are connected, is 


valve capable of adjustment from 20 to 8o lb. 
This 10-in. yard steam line is served by either the 
main or auxiliary header. 

A storage tank in the station is supplied with 
city water from a 6-in. main connecting with one 
of the cross-town municipal supply tunnels. A 
6-in. connection is also made with a service tank 
in the railroad yards. This connection is fitted 


pump driven by induction motors are also pro- 
vided. The pumps are arranged to receive either 
hot or cold water and to discharge into a hot or 
a cold-water header line. A sump in the base- 
ment of this pump room contains two 3-in. sub- 
merged, centrifugal pumps driven by two 3-h.-p. 
induction motors, automatically controlled. 

The steam consuming units in the engine room 
are each connected to a system of exhaust pipes 
suspended from the ceiling of the basement under 
that room. This exhaust system joins in a 20-in. 
exhaust main suspended transversely under the 
end of engine room floor. The main is fitted with 
a riser extending above the roof and capped with 
a Wright exhaust head. It is also connected with 
two 1,200-h.-p. Vater open feed-water heaters 
arranged in the pump and steamauxiliary room, 
as shown in the accompanying’ general plan. 
These heaters are so connected that they may be 
operated by induction, straightway or by-passed. 

The generating equipment installed in the en- 
gine room consists of two generators, one a 300 
and one a 400-kw., 4,000-volt, three-phase General 
Electric alternating-current machine. These gen- 
erators are direct connected, respectively, to 16 
and 28x47-in., and 18 and 32x42-in. cross-com- 
pound non-condensing engines built by the Fulton 
Iron Works, of St. Louis, Mo. A 20-kw. 125-volt 
vertical marine-type -automatic steam engine, and 
vertical marine-type automatic steam engine, and 
a 35-kw. 125-volt direct-current generator coupled 
to a 40-h.-p. induction motor are provided as ex- 
citers for the main generators. 

A double deck switchboard, 36 ft. 2 in. long, 
with one tier of panels at the main floor level and 
the second tier directly above it, with a mezza- 
nine operating floor built around it, is placed 
toward one side of the engine room, as shown in 
the accompanying plan. Each tier of the board 
consists of one 18xgo-in. and thirteen 32xg0-in. 
panels of blue Vermont marble. The instruments 
and apparatus mounted on the board are all fin- 
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ished a dull black marine. Double throw auto- 
matic oil switches connected to duplicate bus-bar 
are used, relays which close direct current from 
the exciter bus-bars through the trip coils of the 
switches operating the automatic control. 

Ass the conditions under which the plant is op- 
erated are quite different from-those in most mu- 
nicipal and electric railway generating stations, it 
was deemed advisable to protect the generating 
units as fully as possible. Each of thé generator 
panels of the switchboard is therefore provided 
with a triple-pole, overload time-limit relay, and 
also a reverse-current time limit relay, which 
close a direct-current circuit from the exciter 
bus-bars through the trip coil of the automatic 
switches in an emergency. The overload relays 
are set for a high percentage of overload of short 
duration, while all the feeder overload time-limit 
relays are set for slight overload of long dura- 
tion. ~The overload relays come into operation 
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soll-Sergeant horizontal cross-compound steam, 
two-stage air, piston-valve type with 13 and 
25x14-in. steam cylinders coupled in tandem to 
14% and 22%4x14-in. air cylinders. It has a 
capacity of 750 cu. ft. of free air per minute at 


IIo r.p.m. and is fitted with Meyer cut-offs on its | 


steam cylinders. The two compressors deliver to 
a receiver tank in the pump and steam auxiliary 
room, from which a supply line leads through 
the pipe tunnel under the passenger coach yards. 

The grain elevator, which is supplied with 
power from the generating station, has a capacity 
of 100,000 bushels, and was formerly driven by a 
steam plant consisting of three 125 h.-p. boilers 
and two automatic engines. This steam plant has 
been entirely removed and the elevator has been 
equipped with fourteen Westinghouse-induction 
motors aggregating about 500 h.-p. The motors 
are placed in various parts of the building, some 
of them operating in unusually dusty surround- 
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The Wachusett Dam. 


The accompanying illustrations of the Wachu- 
sett dam of the Metropolitan water-works, re- 
cently completed at Clinton,’ Mass., give a very 
good idea of the appearance of this notable struc- 
ture and its surroundings. Although the dam 
proper was finished a number of months ago, the 
grounds in its vicinity were not sufficiently 
cleaned up until recently to permit satisfactory 
photographs of the work to be taken. A general 
description of the dam and its accessories was 
printed in The Engineering Record of Sept. 8 
and I5, 1900; an account of the contractors’ equip- 
ment and methods of conducting construction 
was published on April 5, 1902, and some illus- 
trations of its progress and notes on methods of 
handling the work appeared in the issue of 
March 5, 1905. These articles, with others of 
minor character, render any detailed description 


North End of Wachusett Dam, Showing Bastion and End of Waste-Weir. 


when such an overload as may be detrimental to 
the generators or would place an undue strain.on 
the engines occurs, or in case dead short circuits 
exist on the feeder lines or bus-bars and other 
connections of the switchboard. Careless attempts 
to synchronize the generators are prevented by 
the reverse-current relays, which also come into 
operation with the generators operating in par- 
allel, when either generator loses. its field or be- 
comes short-circuited, or in case the engines dur- 
ing either of them slow down and cause the gen- 
erators to fall out of synchronism. 

The compressed air supply for the passenger 
coach yards and for the station building is fur- 
nished by two compressors in the engine room. One 
of these is a horizontal, cross-compound, steam, 
two-stage compressor having 14 and 26x30-in. 
steam cylinders coupled in tandem to 16 and 
26x30-in. air cylinders. This machine has a capac- 
ity of 1,500 cu. ft. of free air per minute at 85 
r.p.m., and was built by the Fulton Iron Works, of 
St. Louis. The other compressor is of the Inger- 


ings. : They are all controlled from a central 
switchboard in a separate room .on the first floor 
of the building. When a motor is to be started 
the operator by pushing a button indicates a num- 
ber on an annunciator on the switchboard corre- 


sponding to the number of the switch controlling 
that particular motor, which the switchboard ten- 


der then throws in operation. Any motor can be 
stopped automatically from the point where it is 
located by pressing a second button that throws 
a cut out switch on the board. 

The generating station, the electrical transmis- 
sion lines, and the steam, compressed air and 
hot and cold water distribution pipe systems were 
designed and built under the direction of Mr. 
Claude E. Stephens, consulting engineer, of Chi- 
cago. Mr. E. H. Lee is chief engineer of the Chi- 
cago & Western Indiana R. R. The steel work 
for the building, coal chute and coal bunkers was 
fabricated and erected by the Morava Construc- 
tion Co. The coal handling equipment was in- 
stalled by the Link Belt Co. 


of the dam unnecessary at this time. The work 
has been under the charge of Mr. F. P. Stearns 
as chief engineer from its inception. 

The total length of the masonry in the dam is 
1,476 ft., made up of 452 ft. of waste-weir, 971 ft. 
of main dam and terminal structures, and 53 ft. 
of core wall extending beyond the easterly ter- 
minal structures. The length of the main dam 
between the terminal structures is 838 ft. From 
the edge of the coping on the top of the dam to 
the original river bed is a drop of 149 ft.; the 
lowest point of the foundation not in the cut-off 
trench is 208 ft. below the coping, and the lowest 
point in the cut-off trench is 228 ft. below the 
coping. The dam and its accessory works contain 
251,921 cu. yd. of rubble masonry, 8,816 cu. yd. 


‘of ashlar masonry, 2,675 cu. yd. of dimension 


stone masonry, 1,036 cu. yd. of brick masonry, 
and 9,725 cu. yd. of concrete masonry. About 
260,000 cu. yd. of earth excavation and 100,000 
cu. yd. of rock excavation were necessary. The 
rubble masonry required 184 cu. yd. of 1:1 nat- 
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General View of the Downstream Face of the Wachusett Dam at Clinton. 


ural cement mortar, 179,706 cu. yd. of 1:2 nat- 
ural cement mortar, 31,884 cu. yd. of 1:2 Port- 
land cement mortar, 8,927 cu. yd. of 1:2% Port- 
land cement mortar, and 27,954 cu. yd. of 1:3 
Portland cement mortar. The amount of natural 
cement concrete was 964 cu. yd. of 1:2:5 mix 
and 18 cu. yd. of 1:3:6 mix; the amount of 
Portland cement concrete was 7,107 cu. yd. mixed 
1:214:4%, 1,464 cu. yd. mixed 1:3:6, and 172 
cu. yd. mixed 1:4:8. In the construction of the 
dam 182,480 bbl. of Union natural cement, and 
81,103 bbl. of Portland cement, largely the Giant 
brand, have been used. The contract for the 
dam was made with the MacArthur Bros. Co., on 
Oct. 1, 1900, 

The stone masonry of the top of the dam was 
leveled up with concrete to about 5 in. below the 
finished surface, and this thickness of granolithic 
pavement was then laid. The entire downstream 
face of the dam to the ground level and the top 
25 ft. of the upstream face were cleaned with wire 
brooms and chisels. The fence on top of the 
structure consists of massive brass posts on 934- 
ft. centers and two lines of 2%4-in. round brass 
rails. 


The waste-weir is 452 ft. long, as before stated, 
but the net waterway is but 419 ft. long, owing 
to the cast-iron standards placed about 1o ft. 
apart to support flashboards. These standards 
also support the steel trestles of the service walk, 
on which there is a track for a light car used in 
carrying the flashboards between the weir and 
the storage room in the bastion. The standards 
are arranged for carrying flashboards 3 ft. high 
except for I00 ft. of the waste-weir, where the 
crest is 3 ft. below the flow line and the flash- 
boards are 6 ft. high. The flashboards above the 
level of the full reservoir, which is 20 ft. below 
the edge of the coping on top of the dam, are 
provided to prevent the waste of water from 
waves passing over the crest of the waste weir. 

Extending from each end of the dam to the 
bottom of the valley are flights of granite steps, 
187 on one hillside and 177 on the other. These 
are 5 ft. long,.have a 7-in. rise and 12-in. tread, 
and are supported at the ends on concrete walls 
14 in. thick and about 4% ft. deep. The steps 
are arranged ‘in flights of five to twelve, with 
granolithic platforms of varying lengths between 
them. At the top of each third: flight there is a 


drainage inlet, connected with a system of 12 
and 15-in. vitrified clay pipes which drain the 
grounds below the dam. To care for the water 
which falls on the lower face of the dam a paved 
gutter has been built on both hillsides, extending 
from the abutment and bastion to the lower gate- 
chamber and connecting with the pipe drains. 

The work of removing soil from the reservoir 
was finished early last November. In all 6,912,052 
cu. yd. were stripped from 3,941 acres, ‘and it is 
interesting to note that of this large volume but 
17,307 cu. yd. had to be placed in spoil banks. 
Nearly all of it was used in constructing the large 
dikes which close two low places in the natural 
rim of the reservoir basin, and the remainder was 
used for highway or railroad embankments, fill- 
ing areas of shallow. flowage or for. grading 
grounds near the main dam. 

To obtain the elevation of the ground water in 
different parts of the north dike during the time 
the reservoir is filling, fifteen 2-in. wells have been 
driven at different points in this great embank- 
ment. The deepest well has a depth of go ft., 
and the average depth of the fifteen is 52 ft. 


View of the Wachusett Dam from the East, Showing Spillway Channel. 
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The Cracking of Reinforced Concrete Arches 
at South Pasadena, Cal. 


There was recently constructed at South Pas- 
adena, Cal., a five-arch reinforced-concrete bridge 
in which cracks have since appeared in the 
haunches, extending up into the parapet walls. 
The bridge was built over some railway tracks 
in order to develop a tract of land which a real 
estate company is placing on the market. The 
amount of available information concerning the 
structure and the cracks is very limited, but the 


following statements are believed to be correct, 
although too incomplete to furnish more than a 
general idea of the bridge and the nature of the 
cracks. 

The structure was built to overcome a grade of 
about 24 ft. in a total length of about 335 ft., in- 
cluding approaches. The highest point of the 
bridge was approximately over the center of the 
second arch from the higher end, and about Ios ft. 
from it. The five-centered type of arch was used, 
the main radius being very long so that each arch 
is quite flat. The approach at the higher end is 
approximately 12% ft. long; arch I, 43 ft.; pier 1, 
6 it.; arch 2, 78 ft.; pier 2, 6% ft.; arch 3, 59 ft.; 
pier 2.60ite arch: 4, 44) {t.; pier 415, dts, arch 5) 
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and by transverse,7/16-in. square twisted bars 3 
in. apart over the main part of the span and far- 
ther apart toward the ends, as shown in the dia- 
gram. Stirrups of 7/16-in. square twisted bars 
were also used in the haunches, and there were 
rods above a cylindrical opening over each p-er. 

No information is available concerning the pro- 
portions and materials of the concrete or the 
character of the workmanship. Arch 1 remained 
24 days before the forms were removed, arch 2 
was given 25 days, arch 3 was left 22 days, and 
ai days were allowed arches 4 and 5 after com- 
pletion before the forms were stripped. 


Reinforcement at Haunch of Arch 2. 
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Boiler Plate Corrosion. 


Boiler plate corrosion is the subject of a bul- 
letin recently prepared by Messrs. Ch. Fremont 
and F. Osmond, and published by de la Societe 
d’Encouragement pour l’Industrie Nationale, 
Revue de Metallurgie, of Paris. The assump- 
tion is made in the bulletin at the start that 
acids alone have the power of inducing oxida- 
tion in iron, and that it is most likely carbonic 
acid, which actually produces this change, while 


oxygen only serves to raise the first-formed pro- 


toxide to a higher degree of oxidation. It is also 
assumed that the hammering or working of the 
metal renders it more liable to attack by this 


-corrosive action than originally. The local cor- 


rosions in steam boilers are classified in two ~ 
groups: Those taking the form of pustules or 
pitting, and those giving rise to striations or 
fissure-like marks. The characteristics of both 
groups are discussed, but the bulletin has to do 
only with the latter group, which are considered 
to probably be due in the first instance to certain 
mechanical causes. The corrosions taking the 
striated form, it has already been observed by 
Mr. Desgeans, are met with in certain parts of 
the boiler plates, where the metal has to undergo 
a series of flexures resulting from the stccessive 
expansion and contraction of the boiler when 
in service, and that the fatigue of plates thus sub- 
jected may possibly have a great influence in 
producing these results. 

It is shown that if a homogeneous plate were 
covered with a uniform layer of oxidation, grad- 
ually: increasing in thickness, since the coating 
is practically incapable of deformation, a time 
would come when the elastic flexure of the plate 
itself would effect the rupture of this coating of 
oxide. Such rupture would occur in the locality 
where the fatigue was greatest, and would fol- 
low the lines of the direction of the resultant 


Views of Cracks in the Haunches of Three of the Arches of the South Pasadena Bridge. 
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39 ft; approach, 36 ft. These figures were scaled 
from.a blue-print-and are doubtless subject to 
minor corrections. The bridge is 19 ft. wide be- 
tween the thin parapet walls and has two 3-ft. ce- 
ment sidewalks and a roadway of 1% in. of as- 
phalt. 

The general construction is evident fromthe 
accompanying reproduction of a blue-print show- 
ing a part of arch 2, the largest in the bridge. At 
the center of the span, the arch is approximately 
1 ft. thick, and over pier 2 it is 3 ft. ro in. The 
radius. of the. main part of the span scales at 
about 180 ft., and the others at about 15 ft. and ro 
ft. There seems to be no reinforcement in the 
upper part of the arch; unless the four longitudi- 
nal lines of 14-in. square twisted bars in each par- 
apet are so regarded, The lower part of the arch 
is reinforced 2 in. from the surface by 32 round 
1%-in. longitudinal bars running from pier to pier, 


The character of the cracks that have since ap- 
peared in the haunches is evident from the photo- 
graphs. Those in arches 2 and 3 extend within 6 
in. of the bottom of the masonry and those in the 
other spans within a foot of the bottom. They 
open a quarter of an inch at the top in the early 
morning and by 2.30 p. m. they are almost closed. 
The bridge has been tested since the appearance 
of the cracks, and a deflection of 3/16 in. was de- 
tected in the center-span under a load of 18 tons. 
No sinking of any of the piers has been observed. 
The bridge has been accepted from the contractors. 


A MunicipaL WATER DEPARTMENT in a Ken- 
tucky city has no power to distribute water to 
consumers outside its boundaries, according to 
the Court of Appeals of that State, 94 S. W. Rep. 
25, although it may sell its surplus supply in bulk 
to private or public parties for such distribution. 


of the force tending to produce such flexure. 
This rupture in the coating would leave an ex- 
posed surface of the metal to be attacked again 
by the corrosion, and to be in turn, ruptured, 
thus’ eventually forming a crack in the plate. 

Micrographic investigations were made of iron 
and steel plates from four locomotive boilers of 
the Western Railway of France. -The result of 
these investigations were in accordance with 
those of the experiments made some time ago by 
Messrs. Sidney A. Houghton and F. Rodgers, 
which later results were presented before the 
Iron.and Steel Institute. In numerous cases the 
results coincided with the assumptions that had 
been made. A wavy appearance in the micro- 
structure of certain specimens investigated with 
regard to the causes of boiler explosions is be- 
lieved to be due to imperfections in the polishing 
and the mode of attack. 


; 
‘ 
. 
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Reinforced Concrete Tunnel Caisson.---II. 


Construction and Sinking.—In construction, af- 
ter the steel cutting edge had been set on the 
surface of the ground as shown by the accom- 
panying photograph taken Dec. 14, it was sunk 
about 6 ft. and was leveled up at that grade. 
The base of the walls of the caisson was given 
a bearing on the mud by tamping it thoroughly 
under the lagging of the stepped form. It was 
calculated that the bearing power of the soil 
would be sufficient to sustain the weight of the 


“first deck of concreting until sinking should be 


started by caisson excavation. There was con- 
siderable settlement, however, during concret- 
ing, and more during the interval which elapsed 
after concreting was finished before sinking com- 
menced. This settlement was not uniform, in 
consequence of which the caisson cutting edge 
was about 4 ft. out of level when construction 
started. In starting the sinking it was necessary 
to level the caisson up, a difficult problem on ac- 
count of the nature of the material encountered, 
which was old filling of non-uniform quality. 
It was also complicated by encountering three 
old sunken barges which had to be cut up, and 
also because of finding piling in place along one 
side, and directly under the cutting edge. The 
caisson was finally leveled up without mishap, 
though the bearing against the side which had 
been low was consequently less than on the other 
side, and to keep the caisson level during sink- 
ing required constant watching. 

The steel cutting edge, 3 ft. deep, was assem- 
bled in sections about 20 ft. long, supported on 
short transverse wooden blocks spaced about 
to ft. apart. It was made with one vertical 
and one inclined 5-in. plate shop riveted to- 
gether, with a 9x3-in. filler plate at the bottom 
and with 3x%-in. bent plates 20 in. apart at 
the top where there were two horizontal rows of 


Cutting Edge Assembled 


holes at 4-in. pitch to receive %4-in. boat spikes 
securing it to the vertical 2-in. tongue and groove 
boards 18 ft. long, forming the outside of the 
concrete mold, which were battered 1/16-in. per 
foot to reduce the frictional resistance. They 
served as permanent sheathing for the concrete 
and were secured by single lines of horizontal 


~ 6x3%x3%-in. angles about 6 ft. apart vertically, 


The upper line of angles was flush with the 
tops of the boards and its horizontal leg served 
as a flange bolted to the corresponding flange 


of the lower angle in the next course of ver- 


tical sheathing boards which were thus built 
up in sections similar to the walls of a coffer- 


‘dam. Those lines of angles opposite springing 


lines had their horizontal flanges bolted to the 
flat steel anchor bars shown in the drawings, 
which were provided to secure the centers and 
bracing of the inside arches to the walls and to 
provide for the transmission of stresses devel- 


_ oped in sinking. 


THE ENGINEERING RECORD. 


The caisson contained approximately 200 tons 
of steel including the steel cutting edge, and 
about 3,000 cu. yd. of 1:2:4 concrete. The re- 
inforcement used was all either second-hand rail- 
road rails or I in. square twisted steel bars. The 
steel used for these bars was 0.012 carbon open- 
hearth steel, which was delivered to the job as 
plain square bars and later twisted by contract 
with the Turner Construction Co., who set up 
a twisting plant on the job for the purpose. The 
original design was to use the plain square bars, 
but experimental tests showed that a consider- 
able increase in strength was obtained by twist- 
ing the steel. 

On account of the 


large dimensions, heavy 


weight and great stresses developed in the cais- 
son and the possible danger of cracks due to 
distortion or excessive stresses and because of 
the known permeability of concrete, it was feared 
that there might be a serious loss of air pressure 
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Operations were commenced at one point in the 
cutting edge and the men worked completely 
around the caisson to the starting point, apply- 
ing the fabric in successive vertical strips to form 
a course about 6 ft. high. After its completion 
a second course was carried around in the same 
manner and so on until the outside of the lag- 
ging was covered from starting point to the 
crown of the arch. A second course was ap- 
plied in the same manner and finished with a final 
exterior coating of the cold solution. The second 
layer broke joints both vertically and horizon- 
tally with the courses of the first layer, and spe- 
cial care was taken in applying the fabric to lap 
all joints 2 in., and to flash it for 6 in. beyond 
all projections and intersecting pipes, rods, and 
shafts. 

In making the joints between the successive 
courses the upper edge of the outer layer in 
the lower course was stripped down about 6 in. 
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Top of Caisson No. 1. 


on Surface of Ground. 


through the walls of the caisson and to prevent 
it, a special air tight temporary lining was pro- 
vided for use in sinking it. It consisted of two- 
ply Siastex waterproofing fabric laid over all 
the interior surface of the lower chamber with 
three coats of Carboron amalgamating solution. 


The fabric was received in rolls containing 450. 


sq. ft. of material 3 ft. wide, which were cut 
at the site into sheets of convenient sizes for 
two men to handle. These were laid on a hori- 
zontal platform near the point of application 
and thoroughly coated on one side with the 
solution applied cold with an ordinary tarring 
brush. Several sheets having been coated they 
were, for convenience, folded transversely in the 
middle, coated side in, and delivered to men in 
the caisson who unfolded and applied them to the 
outer surface of the planed lagging previously 
erected for the side walls and roof arch of the 
lower chamber, handling it in the same manner 
. as wall paper is hung. 


and the lower edge of the first layer of the upper 
course was applied on top of the upper edge of 
the first layer of the lower course. The upper 
edge of the second layer of the lower course 
was then replaced and the lower edge of the 
second layer of the upper course was placed over 
it, thus dovetailing the two layers of both courses 
together. About 8,000 sq. ft. of surface was thus 
very satisfactorily protected by a tight elastic 
covering which was applied in about one week 
under the personal direction of Mr. Herbert 
Paschke, waterproofing specialist. The protection 
was not intended to be permanent and was not 
valued in this instance for its waterproofing quali- 
ties, since it was on the inside of the concrete © 
and would not resist water pressure, and it was 
to a large extent. stripped off with the lagging 
when the latter was removed after the caisson 
sinking was completed. 

During the sinking of the caisson, little, if 
any, loss of air was attributed to leakage through 
the walls of the caisson, but as great pains were 
taken with the quality and placing of the concrete 
some doubt was felt as to whether the air proof- 
ing was necessary or whether the concrete alone 
was air tight. To decide it, air pressure was 
admitted to the upper chamber of caisson No. 
1 and the loss occurring through the concrete 
was so much that it was decided to -use the 
same air-proofing process for the lower chamber 
in caisson No. 2, 

Concrete and muck were handled by two loco- 
motive cranes on a falsework from 16 to 34 ft. 
in width and about 18 ft. in height, which was 
built around the caisson site before the con- 
struction of the latter was commenced. ‘This 
had a solid platform of 3-in. planks supported 
on the caps of framed bents 12 ft. apart built 
chiefly of 12x1I2-in. timber and 3xI2-in. diagon- 
al braces. Tracks on both sides of it were pro- 
vided for the locomotive cranes and for 21-in. 
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gauge service cars, and were connected by trestle 
extensions eo the shore shaft of the river tunnel. 
A storage pile of stone and sand was made in 


the space between the railroad tracks west of: 


the caisson and a stiff-leg derrick delivered ma- 
terial from this pile and from cars on these 
tracks to two No. 4 Smith mixers, which were 
set up under the north stiff leg, with a working 
platform above, high enough to allow the tilting 
of the mixers beneath. A measuring hopper with 


the top flush with the floor was divided verti- . 


cally by a partition separating stone from sand 
and so arranged that it would hold io cu. ft. 
of sand and 20 cu. ft. of stone when filled flush 
with the floor. On top of this 5 sacks of cement 
were dumped when the mixers were charged. 
Water was put into the mixers by buckets full 
through funnels discharging into the spouts of the 
mixers simultaneously with the other ingredi- 
ents. Materials were hoisted in one-yard buck- 
ets to bins back of the mixer platform, which 
held approximately one hour’s supply. 

Construction work on account of the caisson 
was begun Nov. 30, 1905, when the carpenter 
work on the trestle was commenced. The cut- 
ting edge was put together by Dec. 14, 1905, and 
forms and reinforcement were ready so that con- 
creting was started on Jan. 18, 1906, and the 
first deck of concreting was finished Jan. 29, 1906. 
The sinking was delayed in starting owing to 
failure of delivery of lock shafting and did not 
start until Feb. 26, 1906, from which date until 
June 7, 1906, the sinking continued, except during 
time taken to construct the upper deck, being 
completed on the last named date. The invert 
was placed June 7 to 12, 1906, after which the 
timber forms were taken apart and removed 
through the lock shafts under normal atmospheric 
pressure. The south or lower tunnel was driven 
into the caisson by July 5, 1906. 

The concrete work was finished up to the floor 
of the upper chamber in about one week: with 
50 men continuously at work. The reinforce- 
ment steel was carefully secured in the required 
position in the forms and the concrete was filled 
in so as to keep close up to the level of the air 
proofing. As soon as possible after the lower 
half of the caisson had been built, air pressure 
was admitted to its chamber, excavation was com- 
menced and it was sunk until the top was at 
about the ground level and there stopped while 
the upper half was built in the same manner 
that the first half had been. 

In the early stages of the work, some of the 
concrete was handled by steel mine dump cars 
which were not used later in the work. A maxi- 
mum amount of about 250 cu. yd. of concrete 
was put in place in 24 hr., with a total maxi- 
mum force of about 200 men employed on the 

“caisson in all capacities. The compressed air 
in the working chamber was furnished from the 
power plant at the main shaft of the river tun- 
nels about 300 ft. from the caisson and varied 
from 2 to 28 lb. per square. inch. The earth 
excavated from the caisson was removed by dump 
cars on the falsework platform until the roof 
of the upper chamber was sunk below the sur- 
face of the ground, after which all of the earth 
excavated from the interior was used as backfill 
piled on top of the caisson to help sink it and 
level up to the ground above it, access being 
provided for the working chamber through man 
and material shafts of special design which en- 
abled them to be withdrawn’ after the comple- 
tion of the work. 

The man shafts, 3% ft. in inside diameter and 
about 60 ft. long over all, were made with a spe- 
cial connection at the caisson roof where they 
were joined with an inside and an outside flange 
arranged so that the connection bolts could be 
removed from the interior and the upper part 
of the shaft removed. The shaft was made in 
sections from 8 to 12 ft. long with horizontal 
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diaphragms in the Toit between each section. 
The diaphragms were pierced with manholes 
provided with gasketed doors opening downwards 
so that each section could serve as an inde- 
pendent air lock and enabled the whole or a 
part of the full length of the air shaft to be 
used as an air lock and thus regulated the air 
wasted to correspond’ with the size of the party 
emerging at each operation. 

Each section of the shaft accommodated four 
men so that the use of the full length of the shaft 
as a single lock enabled 24 men to enter or 
emerge at once. The diaphragms were single 
cast-iron plates 114 in. thick, stiffened with ver- 
tical webs and provided with riveted steel doors. 
The caisson was equipped with two regular man 
shafts and one extra man shaft and with four 
material shafts 3 ft. in diameter having O’Rourke 
air locks made for this work, with special doors, 
each divided into two and hinged on the curved 
sides so as to revolve close to the walls of the 
shaft and provide maximum clearance for the 
buckets. All of the shafts were enclosed by 
wooden sheeting permanently buried in the back 
fill which prevented the earth and muck from 


VoL. 54, No. 14. 


packing around them so as to prevent their 
withdrawal. The caisson roof was pierced with 
four 1%-in. signal pipes adjacent to the material 
shafts, two 5-in. blow-out pipes, two 5-in. air 
pipes, one 14-in. fresh water pipe, one 2%4-in. 
salt water pipe for filling the upper chamber, 
one 2)4-in. pump pipe in the lower chamber and 
two 1%-in. pipes for electric wires. 

The caisson was sunk through about 20 ft, 
of soft mud and sand and 4o ft. of hard strata 
to a bed of sandstone which it penetrated to a 
depth of about 20 ft., thus justifying the assump- 
tion that the invert would not be subjected to 
thé maximum theoretical stress. During exca- 
vation some difficulty was experienced on account 
of the lack of uniformity in the character of 
the soil which allowed one corner of the cutting 
edge to settle below the rest, although care had 
been taken to build it up to a uniform height 
throughout. Some difficulty was experienced in 
plumbing the caisson,.which was eventually ac- 
curately accomplished. The most rapid progress 
in sinking it was about 2 ft. in 24 hr. The cais- 
son reached its final position on June 7, 1906, 
sinking having been started Feb. 24, 1906. The 
rock in the bottom of the working chamber 
was dressed to sub-grade and the invert was 
built under air pressure, afterwards, the caisson 


having been thus sealed, the centers and lagging 
were removed, the air pressure was discontinued, 
and the caisson was found to be entirely water- 


proof. Compressed air was admitted again when 
the openings were made in the bulkhead for 
connections with the tunnel tubes. 

To sink the cutting edge to its final position, 
77 ft. below the bottom of its 6-ft. trench, it was 
necessary to excavate about 11,000 cu. yd. of 
material, about 3,000 yd. of which was solid rock, 
requiring some blasting, though it was mostly 
soft enough to be handled with picks and bull 
points. It was necessary to break it all up into 
pieces small enough to be taken out in the cais- 
son buckets. About 5,000 cu. yd. of this material . 
was dumped on top of the caisson itself after 
the top of same went below ground level. 

The daily progress reports on the caisson made 
by the works manager to the chief engineer in- 


_ cluded a tabulated statement of weight of cais- 


son; material encountered; air pressure used, and 
calculations as to skin friction on the sides of 
the caisson. There was hardly any way possible 
to determine how much bearing the cutting edge 
was receiving directly on itself, and hence it 


‘the plant is substantially the same. 


at ground level. 
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was assumed all the time to be zero, although at 
some times it was known to be considerable. The 
uplift due to air pressure was taken as acting 
upwards over the whole area inside the cutting 
edge. After the caisson had disappeared below 
ground the area exposed to skin friction was still 
assumed to be all the area up to top of ground, 
as that part of the earth above the caisson was 
receiving friction from the backfilled earth. 

These reports show a skin friction per square 
foot varying from 387 lb. to 1,183 lb., but aver- 
aging about 500 lb. (At the time the report 
showed 1,183 Ib. it was known that very much 
of the load was being received directly by the 
cutting edge.) 

On Sept. 19 caisson No. 2 had been built. and 
sunk to within 24 ft. of its final resting place, 
and it is anticipated that it will be finished and 
the invert placed ready for the reception of the 
tunnel shields within “six weeks from that date. 
The design of this caisson corresponds with that 
of caisson No. 1 except that the plan and dimen- 
sions vary to suit the different arrangements and 
angles of the tunnels connected. The method 
of sinking it is like that already described, and 
Muck is 
hoisted through the material shafts by a locomo- 
tive crane and a derrick, and is dumped in ele- 
vated hoppers movable around the falsework plat- 
form, which deliver into dump cars pushed by 
hand to the river side where they deliver to 
scows. An ingenious arrangement is provided 
for loading the scow. It consists of an inclined 
apron or chute, hinged at the upper end to the 
edge of the falsework platforms where the cars 
run. The lower part of the chute is supported 
by a transverse bent pivoted to it near the 
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boat in the slip it can be easily and quickly ac- 
complished by operating the tackle. The tunnel 
construction is being carried out by the Hud- 
son Companies, and the design, construction and 
sinking of the caissons was carried out under 
the personal direction of Mr. Charles M. Ja- 
cobs, chief engineer; Mr. J. V. Davies, deputy 
chief engineer. The construction and sinking of 
the caisson was in charge of Mr. R. S. Court- 


be, 


Sewage Flow at Waverly, N. Y. 
By Clyde Potts. 


In the design of sewers one of the indeter- 
minate factors is the probable amount of sewage 
for which to provide. At the same time it is 


one of the most important factors, for while the 
cost of the sewers does not increase directly 
proportional to the size, the size largely governs 


Concreting Arch Over Lower Chamber. 


Lower Arch and Reinforcement Rods for Upper Chamber, 


middle. The lower end of the bent is provided 
with wheels seated on the deck of the main pier 
The apron tends to revolve by 
gravity to a vertical position pushitig the foot 
of the supporting bent backwards from the face 
of the pier, but its movement is commanded by 
a tackle attached to the axis of the wheels and 
leading over a snatch block on the edge of the 
pier. By slacking off this tackle, the chute is 
lowered to any angle required to suit the position 
of the dump scow or to distribute the material 


4 over it for proper trim. If it is necessary to ele- 


vate the chute to clear the scow or any other 


ney, works manager, and Mr. W. M. Torrence, 
superintended the caisson construction and also 
worked out the details of the design and made 
the necessary computations. The sinking was 
done under the direction of Mr. Samuel Mat- 
son, Superintendent, who also made valuable sug- 
gestions as to details of the design. 

The Logan Iron Works was the contractor for 
the steel cutting edge and the Turner Construc- 
tion Co. was the contractor for the. reinforce- 
ment rods which were twisted at the site. The 
Sicilian Asphalt Paving Co., New York, supplied 
the material for air proofing the working chamber. 


the cost. It is a waste of money to provide 
larger sewers than necessary, and again there 
is great antagonism in lay minds against small 
sewers because of the tremendous trouble gen- 
erally experienced in the past by undersized 
sewers. There is a considerable element of 
guesswork in the formula employed in the design 
of sewers, one of the most uncertain factors be- 
ing the per capita consumption of water. In 
fact, there is much to criticise generally in the 
formula employed in computing the size of sew- 
ers, in the construction of which there has been 
an absence of reliable experimental data on which 
to base the coefficients. It should be kept in 
mind that sewers laid with 3-ft. lengths require 
a cement joint every 3 ft. hence there is a lia- 
bility of having a change of grade or of direc- 
tion in the thread of the flow every 3 ft., to say 
nothing of the obstruction caused by the cement 
joints. The uncertainty with sewers laid with 
3-ft. lengths is proportionately greater, and the 
leakage also increases with the number of joints. 
When one considers the various methods of con- 
struction employed, it is apparent that formula 
used by one engineer for sewers, built by a given 
contractor might produce entirely different re- 
sults if the same formula were employed by an- 
other engineer superintending work to be done 
by another contractor. Brick sewers come in 
another class from pipe sewers inasmuch as 
they are usually constructed with more care, 
at a greater expense and by workmen of more 
experience. Again one of the most important 
factors in computing the size of sewers is the 
factor of leakage. Pipe sewers laid with 3-ft. 
lengths with the same degree of workmanship 
would necessarily have less leakage than a sewer 
of 2-ft. lengths as there are fewer joints. In a 
brick sewer, for the same reason, the leakage 
would be much greater. 

In using the formula for the design of the 
size of the sewer, the anticipated leakage per 
capita must be added to the per capita con- 
sumption of water. Since the leakage varies 
with the skill of the contractor and the obstacles 
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encountered, it is apparent that the leakage is 
absolutely indeterminate and no two designs can 
be expected to give the same results. 

Some twenty miles of sewers designed for a 
city in New York State by one of the most emi- 
nent engineers in the profession and built un- 
der the supervision of one of the most consci- 
entious and exacting engineers, gave a leakage 
of over 50,000 gal. per mile per day. The con- 
tractors, however, were generally inexperienced 


and they were handicapped by soil completely 


filled with water. Another system laid with no 
less rigid inspection and by a contractor of about 
equal experience gave a leakage of less than 
3,000 gal. per mile per day. The conditions ia 
the latter case were more favorable to sewer 
construction. 

It is evident that in the designing of sanitary 
sewers where the sewage is to be carried to a dis- 
posal plant, the question of leakage is of the ut- 
most importance, for should the leakage run to 
50,000 gal. per mile per day it would be seen that 
it would require but 20 miles of sewers to con- 
tribute 1,000,000 gal. per day by infiltration. For 
an average domestic sewer system, this would 
require a disposal plant of nearly twice the 
capacity were there no leakage. It is also appar- 
ent that if the sewage is to be disposed of by 
pumping to any appreciable elevation, the annual 
charge for pumping this infiltration capitalized 
would be an undertaking almost as large as the 
construction of the pumping station. 

During the season of 1905 the firm of which 
the writer is a member, was called in to design 
a comprehensive sewer system with a method of 
disposal for the village of Waverly, N. Y. This 
system embraces about 20 miles of sewers and 
a disposal plant consisting of septic tanks and 
contact beds, the idea being. to turn a non- 
putrescible (though not necessarily clarified) ef- 
fluent into Cayuta Creek just above its junction 
with the Susquehanna River. The flow of Cayuta 
Creek during the dry season is less than 3 cu. 
ft. per second per thousand persons at the point 
of proposed discharge. To empty the sewage in- 
to the creek at this point would create a nuisance 
which would bé intolerable to the residents of 
the village living nearby. In fact, the sewage 
from the private sewers emptying near this point 
jis not assimilated by the creek in dty weather. 

for the ‘design of the sewage disposal plant 
and the contributing sewers, the writer was dis- 
satisfied with the existing methods and formula 
for determining the probable flow both of leak- 
age and house sewage, and he consequently di- 
rected that gaugings bé made of existing sewers 
and a house-to-house canvass made to determine 
the number of persons contributing to the same. 
These gaugings were made for a period of four 
days and consisfed of hourly readings of the 
flow over a triangular weir. During the progress 
of the gaugings, a slight rainfall occurred which, 
as will-be seen, affects the curve of flow in two 
different ways: First, immediately following. the 
rainfall the curve is seen to take a decided raise 
which indicates that many houses have their 
down-spouts. connected to the sewers (this is not 
prohibited by ordinance, as it should be); sec- 
ond, during the day after the rain the curve, as 
will be noted, holds up above the normal. This 
is due to the leakage or infiltration, the soil at 
Waverly requiring several hours for the rain wa- 
ter to percolate through the interstices of the 
soil to reach the leaky joints» of the sewers. The 
results of these gaugings established the follow- 
ing rates for the combined sanitary sewage and 
infiltration at Waverly: 


Average daily flow......cssseereesssreccees 278,000 gal. 
Persons contributing sewage........e.s.eeeee 1,790 <* 
Average daily flow per capita .............. pase gt 


Minimum daily flow per capita (hour rate).. ogy es 


Normal maximum daily flow (hour rate).... 
Abnormal maximum daily flow (hour rate).. 459 


The curve shows some very interesting features 


“ 
“ 
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that are to be expected in the flow of sanitary 
sewage—for instance, the curve is legible enough 
to detect the weekly bathing hour (Saturday 
night) ; the preparation of a big dinner on Sun- 
day and the fact that housewives begin the prep- 
aration of breakfast about an hour later than 
usual on Sunday morning. Wash day (Monday) 
morning, unfortunately, is shown only until 9 
a. m., but the rapid upward tendency of the curve 
is significant. 


The Technical School and the University. 


Address Delivered by Prof. Wm. H. Burr, at the Opening 
Ceremonies of the 153d Academic Year 
at Columbia University. 


During the past 400 years there has been a 
most significant, although gradual development in 
the university organization. This has been a 
necessary result of the evolution of knowledge. 
The earliest continental universities found a rea- 
son for their being in the dissemination of a 
system of scholastic learning which had little to 
‘do with the’ affairs of men, A body of learning 


based chiefly, if not wholly, upon certain conven- 
tional systems of abstract knowledge like the 
Aristotelian logic, transmitted with little or no 
change from the masters of antiquity, consti- 
tuted essentially all they had to offer to their 
The instruction consisted. almost en- 


students. 
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gious upheaval was destined ultimately to aid the 
Humanistic movement, an intense struggle 
marked the first stages of their concurrent de- 
velopment. While the ultimate effects of these 
two epoch-making movements were virtually the 
same in their influence upon the advancement of 
knowledge and upon the evolution of the uni- 
versity, the fundamentally different characters 
of their two great representatives led to intel- 
lectual contests of exceeding bitterness. Fortu- 
nately, however, their efforts to advance knowl- 
edge along different lines created a common spirit 
of true learning, which has been the living stimu- 
lant of university life from that day until this. 


During the sixteenth and seventeenth centu- 
ries the university may be said to have con- 
sisted of the philosophical and theological fac- 
ulties, supplemented by the faculties of law and 
medicine. The subsequent extensions of the uni- 
versity throughout the eighteenth century, re- 
sulting from its closer contact with the things 
disclosed by experience and- its widening influ- 
ence upon all branches of human activity, were 
chiefly marked by the strengthening of the fac- 
ulties of law and medicine. 

Throughout all this period of over three cen- 
turies the philosophical faculty was predominant 
in its position and influence in the university. It 
had come to represent a body of more or less ab- 
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tirely of certain exercises in this intellectual in- 
heritance, practically unchanged through the cen- 
turies of its transmission. This mental training 
had essentially no relation to, or bearing upon the 
actual things of human experience, nor had it 
much effect upon national life or upon any of 
the varied interests of the community. 

In the beginning of the sixteenth century, 
however, when tl:e dark shadows of the Middle 
Ages began to disappear before the illuminat- 
ing influence of a truer knowledge, a remarkable 
movement began in a contest which has scarce- 
ly been closed to this day. The intense struggle 
between Humanism and Scholasticism began in 
and around the German universities in the early 
years of the sixteenth century. The actors in 
this new culture rejected the old sterile instruc- 
tion with merciless vigor and displaced it with 
systems of study touching as closely as possible 
the actual life of those times. It was their. open 
purpose, in which they gloried, to treat of things 
as they actually existed, to get as near to the 
life of the community as the best knowledge 
would bring them; in other words, to touch 


human life intimately and at the greatest possible . 


number of points. 

Scarcely had the Humanistic movement reached 
a successful issue, before it was supplemented 
by the Reformation. Although this great reli- 


stract instruction, covering by far the greater 
part of the existing field of knowledge, and it 
must be said, divorced largely from the real 
things to which it properly belonged. In the 
early history of universities, it constituted a sort 
of purveyor of privileged or aristocratic learn- 
ing, ostensibly of better birth than the profes- 
sional faculties of law and medicine, which 
had the misfortune to deal with the actualities 
of life on which the welfare and safety of com- 
munities no less than the rights and duties of 
individuals are fundamentally based. This con- 
ventional class distinction, constituting a kind 
of snobbery of learning, was the real influence or 
force so completely overcome by the movements 
of Humanism and the Reformation, and it has 
bequeathed to us the useless and senseless term 
“pure” science as opposed to “applied” science; 
as if there could -be in some way a science politely 
distilled as an essence of learning separated 
from the realities with which absolutely all sci- 
ence whatever has to deal and without which 
no science whatever can exist. A mere scholastic 
philosophy based upon the sterility of bare con- 
vention and authority was displaced by an hon- 
est and fearless search for the real knowledge, 
which lies at the base of all true learning. The 
deadening influence of prescribed knowledge gave 
way to the quickening stimulus of individual - 
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power and freedom of investigation in every field 
of experience. All the professional schools of 
the university, prominent among them being 
the modern technical schools, are the fruitful 
products of this ever increasing and abundant 
intellectual life. 

During the latter part of the eighteenth and 
throughout the nineteenth centuries the exten- 
sions of all branches of physical science so en- 
larged their fields of application that the founda- 
tions were laid of another distinct and promi- 
nent faculty. The great investigators in chem- 
istry, in physics, in biology and in the marvel- 
ous combinations and ramifications of those and 
other affiliated sciences were the pioneers in the 
service rendered by science to the creation of 
the industries of the world, which have been such 
potent agents in the extraordinary advancement 
of civilization during the past 150 years. Every 
addition to scientific knowledge, meaning simply 
a closer contact with the realities of our natural 
environment, has supplied a corresponding field 
of activity for useful effort, and in just that much 
has enlarged the meaning and volume of life. 

All these practical or useful extensions of 
technical knowledge have, in fact, been made 
possible by the technical work of the university, 
although many of the greatest investigators and 
many of those who have been most successful 
in enlarging useful production have received their 
individual stimulus and prosecuted their life work 
outside of the university organization. The uni- 
versity has been the nursery of useful scientific 
investigation, and the influence of its instruc- 
tion has extended with an ever-increasing ac- 
celeration far beyond the limits of its immedi- 
ate environment. The practice of every techni- 
cal profession is founded upon precisely that 
quality and kind of knowledge established by 
investigation and by instruction at those centers 
of learning which only have been ‘the originators 
and transmitters of useful knowledge from the 
earliest beginnings of science to the present day. 
Although there has been much scientific inves- 
tigation and remarkable applications of science 
to human activities by individuals or in com- 
munities, to whom apparently even the meaning 
of university work was unknown, the funda- 
mental principles on which fhe value of the sub- 
sequent technical work is wholly based will be 
found in practically or absolutely all cases to 
have germinated in the fertile soil of the uni- 
versity. 

The initial stages of technical education took 
form first in the universities of Europe. The 
subsequent development of that educational work 
into complete technical faculties is found to have 
been practically concurrent in the universities 
of both Europe and America, although the form- 
er have precedence in time over the latter by 
comparatively short periods. These faculties 
have not always been known by the names of the 
professional practice for which it is the purpose 
to prepare their students, but the apparent de- 
fect in the continuity of the case is not real. 


In the earliest university courses of technical 
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study, instruction was given in a_ substantial 
number of technical subjects under a faculty of 
broader jurisdiction than that confined to a tech- 
‘nical profession, and in some of them that method 
is pursued even at the present time. . Such courses 
of study effectively answered their purpose in 
the early days of the engineering and allied pro- 


~ fessions, but their administration has generally 


been advanced by a natural development concur- 


_ tent with the growth of the professions which 
_ they have served, to remarkable groups of techni- 
cal faculties of such prominence and intellectual 


ngth and with such numbers of students as 
ost to dominate the true university in some 
s, and even to form essentially technical uni- 
sities in others. 
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. These great technical faculties have been the 
direct results of the dissemination of knowledge 
by the university. Even the professor who has 
boasted that he never wittingly either learned 
or taught anything useful has been the servant 
of real learning by extending the limits of sci- 
entific knowledge, which refuses to be hindered 
or circumscribed by its narrowest and most er- 
ratic votaries. Wherever there has been a seat 
of learning, from that point has issued a quick- 
ening influence which has stimulated the growth 
of every form of useful activity. All the great 
industries on which the prosperity of every civi- 
lized nation is based have originally sprung from 
the small beginnings which had their initial im- 
pulse from some branch of knowledge, which 
was undoubtedly acquired in the first instance at 
the university. 

So closely are all forms of knowledge related 
in their fundamental elements that no one of 
them can obtain a state of real growth without 
carrying others more or less with it. This ele- 
mentary principle, which finds illustrations and 
the most conclusive proof in. every field of edu- 
cational experience, underlies the fundamental 
organization of the university, and it completely 
justifies the place of the technical school in 
the university plan. Further than that, it il- 
luminates in a clear and instructive manner the 
natural development of an institution of univer- 
sal learning. 

The ramifications of every branch of science 
reach a great variety of human interests, many 
of which are directly affected by it, while oth- 
ers are more remotely touched. The full signifi- 
cance of every acquisition of knowledge can only 
be understood or even to a small degree ap- 
preciated by realizing the industrial activities or 
other real interests of the community which it 
affects. 
subject, or of any other subject, without regard 
to its relation to other branches of knowledge, 
would be excessively narrow in its results and 
probably as valueless as narrow, if indeed such 
a study be not unthinkable. The greater the 
number and scope of scientific or technical sub- 
jects brought within the range of instruction, 
the broader will be the whole amount of knowl- 
edge acquired, and the more complete and thor- 
ough will be the comprehension of any one of 
them. There is a limit.to the number of sub- 
jects which can profitably be taken by any studert 
in a course of proposed study, but there can be 
no question whatever that the instruction in any 
one subject will be enhanced in value in propor- 
tion to its breadth, or its reach into other and 
related or affiliated subjects. 

The more complete the view of the field cov- 


ered, the more satisfactory will be the student’s 


work in it. In fact it may be stated that the real 
study of any one part of the field of knowledge 
consists in acquiring information relating to its 
effect upon other fields into which it reaches. 
It is impossible to conceive of any subiect of 
scientific study as an abstraction either from other 
subjects or from the material elements of experi- 
ence. 

The bearing of all these considerations on the 
place of the technical school in the university is 
most direct and essential. In the first place, the 
instruction in any professional school of a tech- 
nical character is an integral part of the whole 
body of instruction belonging to an institution 
of universal learning. It cannot be given so 
effectively anywhere else as in the organization 
of which it forms a part absolutely necessary for 
completion. 

The advantages gained by a technical school 
in a university environment are fundamental; 
they touch both its technical work and the general 
educational training which must precede the tech- 
nical in any adequate course of study of a pro- 


An isolated study of any one technical’ 
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fessional character. An engineering or other 
technical student pursuing his work in a univer- 
sity system finds himself in a stimulating at- 
mosphere of study and investigation reaching 
far beyond the limits of his own field. He ac~ 
quires largely by incidental or even unconscious 
absorption a broad cultivation by constant con- 
tact with active educational work, some of which 
is more or less affiliated with his and some not. 
This association is an inspiration to a broader 
and a more enthusiastic view of his own work 
in itself, as well as a material enhancement of 
the value of that work by disclosing its relations 
to other fields of learning, all impossible to at- 
tain outside of the university. These conditions 
give his educational training qualities that not 
only strengthen and widen his subsequent pro- 
fessional practice but contribute most effectively 
to his intelligence and usefulness as an educated 
citizen. : 

More than this, the technical professions now 
demand of their members for the higher planes 
of successful practice the same general educa- 
tional preparation for professional study as that 
required by the best law and medical schools. 
Without entering into a discussion as to the rela- 
tive merits of the educational work done by the 
small college and by that forming a subordinate 
member of the university, it is sufficient to say 
that this part of a well-rounded course of pro- 
fessional study harmonizes completely with the 
university system and is, in fact, an essential 
element of it. 

Both for technical efficiency, therefore, and 
for the broadest and best educational motives, 
the technical school is bound to find its strongest 
development in an environment of universal study 
and investigation. 

The university has long since lost the charac- 
ter, if it ever properly had it, of a place where 
abstractions of learning separated from the only 
things which give them life are to be dispensed 
after the manner of instruction to men who are 
never to deal with the affairs of life. It has 
come to be an intensely practical working agent. 
It is effective and worthy of support only in so 
far as it makes itself felt in the real life of the 
community. If it is to be a true and real center 
of instruction, it is imperative that it shall carry 
knowledge into every useful calling, governmental, 
corporate, or private. The time will soon come, 
if indeed it is not already reached, when it only 
can prepare men to administer and extend in a 
rational and moral way the great industrial ac- 
tivities which at the present time form the foun- 
dation of the material prosperity of the modern 
world. 

The true student of the technical or professional 
school becomes heir to a comprehensive and clear 
understanding of his duties and responsibilities 
in his relations to his fellowmen and to the com- 
munity. Those duties and responsibilities pre- 
sent themselves to his trained mind in their real 
proportion. He is neither non-developed nor 
mal-developed in his judgment of affairs. His 
university training, especially in the technical 
school, has taught him accuracy and penetration 
in the analysis of any proposition confronting 
him, and that truth and knowledge must be 
sought with the directness of a plumb line. Sci- 
ence yields nothing but confusion to the shifty, 
devious and dishonest inquirer. The fundamen- 
tals of morality are the very stepping stones to 
technical success or professional attainment. 

The opportunities offered in the administra- 
tion of both public affairs and the great corpor- 
ate interests of the present time, rapidly increas- 
ing in number and magnitude, create almost irre- 
sistible temptations to prostitute them to selfish 
gain. The realization that great power, or what 
has now come to be its full equivalent, great 
wealth, is a grave and delicate trust, to which 


382 


selfish gratification in its infinite and seductive 
variety is abhorrent, comes most naturally and 
easily through sound knowledge, “the beginning 
of wisdom.” 

The correct conception of his duties gives to 
the professional man such a deep and true sense 
of his responsibilities as to render him the safest 
administrator for those great interests whose 
sinister power has already threatened both the 
morals and the safety of the community. 


gratification is a temptation to which he may or 
may not yield, but his inheritance from the uni- 
versity translates wealth to be a means of ac- 
complishing the highest purposes of life, and 
saves him from that narrow, common complais- 
ancy of wealth which is the dry rot of character. 

In this age of self-appointed erratic and dan- 
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The medical faculties are composed largely of. 


eminent practitioners, and it is not too much 
to say that it would be impossible to give the 
requisite instruction were it otherwise. It is 
well known that most serious defects in the pres- 
ent educational administrations of the university 
faculties of law and engineering are due to the 
fact that too many instructors fail of that true 
development and broad training gained only by 
actual professional experience. It may be con- 
fidently stated that instruction in professional 
engineering subjects cannot now be given with 
the necessary breadth and efficiency without sup- 
plementing the imperatively necessary work of the 
study by extended practical experience. And 
these observations are not peculiar to the facul- 
ties to which they are applied. The time has 


Injector Type Gas Mixer Used with Gas Heater. 


gerous regulators of society, when an unreason- 
ing and destructive discontent frequently prompts 
to crude measures whose real purpose is a blind 
upheaval of the existing order of things, the in- 
telligence and the calm balance of the university 
man of affairs must be the cornerstones of pub- 
lic safety. His trained mind, taught to analyze 
and to test by the records of experience no less 
than by the precepts of science, does not lose its 
poise before either the shallow plausibilities of 
tthe advocate of Utopia; or the sinister deceptions 
of the revolutionary reformer, or what has come 
to be nearly as bad, by the egotistic and blunder- 
ing, although much-applauded strenuosity of the 
present time. It is not to be supposed for a mo- 
ment that every subject of university training 
will issue from its halls the ideal, well-rounded 
citizen, but judgment must be passed upon such 
matters in view of the resultant tendencies. A 
fair and eareful scrutiny of the impress made 
through the professional schools of the univer- 
sity, from the older faculties of philosophy and 
theology to the modern faculty of engineering, 
upon the broad moral, governmental, professional 
and business affairs of the most civilized com- 
munities of the world conclusively confirms and 
supports these observations. 

The creative or evdlutionary influence of the 
university upon the community is exercised chief- 
ly, and it will ultimately be exercised entirely, 
through its professional faculties, its faculty of 
philosophy already having become essentially a 
professional faculty of teaching, a character 
which it is bound fully to assume hereafter. This 
is the highest and ultimately the complete mission 
of the university. This means with absolute 
certainty that professional instruction shall be 
given, not by closet professors, but by men who 
are students in the highest and best sense of 


the word, profound students not only of the ab- , 


stract principles of their profession but of the 
play and power of those principles upon the af- 
fairs of men. This knowledge must be gained 
by taking their full part in human experience 
and not by withdrawing from it. Their investi- 
gations must be made largely in the practical 
operations of their professions. In other words, 
they must be men of affairs as well as students. 
A living and forceful quality can be given to in- 
struction in no other way whatever but by ac- 
tual contact with the things encountered in prac- 
tical experience, and precisely in the relations 
disclosed by that experience. 

Some of the professional faculties have already 
benefited by this quickening and energizing influ- 
ence of living contact with their professions. 
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A Fan Heating System With Gas Heater. 


While the indirect system of heating has come 
to be one of the most generally used systems of 
interior heating, the fact that it is usually oper- 
ated in connection with steam-driven power plants 
has rendered the use of steam or hot water as the 
heating source almost universal. In sections of 
the country where natural ‘gas is the common 
fuel, indirect heating has usually been accom- 
plished by the use of the gas as fuel for the 
boiler from which steam is supplied to the fan 
heating coils. Recently, however, in the appli- 
cation of a heating system to an engine house 
of the Missouri, Kansas & Texas Ry. system in 
Kansas, departure from usual methods was made 
in the use of a gas heater in place of steam coils, 
and on account of the successful results secured 
the installation is an important one. 

The engine house is located at Parsons, in the 
natural gas belt of Kansas, where, owing to its 
abundance, the gas is cheaper as fuel than coal. 
Owing to its greater convenience, also, it was 
decided to use the gas, but, due to the success 
which has attended its use in heating furnaces, 
the plan of installing a gas furnace and a direct 


View of the Gas Heating Plant at» Parsons,During Construction. 


already come when the professional faculties, and 
pre-eminently so those~of the technical schools, 
must be active, living parts of their professions. 
There is no other way by which they can either 
properly discharge their own functions or become 
members of a university organization strength- 
ened and equipped to meet its wide educational 
responsibilities, which make it one of the greatest 
conserving and elevating forces of the .commun- 
ity. 

The technical schools constituting the great 
modern professional schools of the university are 
integral parts of it and*®necessary consequences 
of its natural evolution. They belong to it his- 
torically and naturally. They are professional 
schools and professional schools not only belong 
to the university, they are the university. 


A Fautty Location or a Housg, not in accord- 
ance with the plans, may cause some depreciation 


in the value of the property. The measure of the ° 


damage, according to the New York Supreme 
Court, 99 N. Y. Supp. 917, is not the expense of 
moving the house but the difference between the 
value of the property as it is and as it would be 
had the house been set according to plan. 


air heater was considered in comparison. with 
the more usual method of using steam coils sup- 
plied from a low-pressure gas-fired boiler. As 
to the relative cost of operation of the two meth- 
ods, investigations indicated that, aside from a 
lower cost of installation, the direct air heater 
would be more economical. The cost with the 
steam boiler would, of course, depend upon the 
type of direct-heat furnace used, but tests made 
upon boilers fired by natural gas have shown 
that an efficiency in excess of 65 to 70 per cent. 
is rarely attained, which low economy is due, it 
is said, to the excessive amount of air that is used 
in the process of combustion. An equipment has 
been devised, however, by the Buffalo Forge Co., 
which company’ designed the plant, that proves 
that the efficiency of a direct-gas heater may ap- 
proach 90 per cent. at its full capacity and that 
the efficiency will be more nearly constant under 
all conditions than the efficiency with the boiler 
plant, where, if operated below its rated capacity, 
it is well known that the efficiency drops rapid- 
ly; the exact opposite of this is found to be true 
of the gas-fired heater because the percentage 
of stock. losses decreases at the lower capacities 
due to the lower temperature of the products of 
combustion. 
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The equipment as installed at Parsons is shown 

in the accompanying illustrations. The fan and 
heater equipment is located in a 28x36-ft. addition 
to the rear of the roundhouse, from which hot 
blast is distributed to the house and to the ma- 

_ chine shop, at one end, by a system of overhead 
| galvanized-iron ducts. The equipment consists 
_ of a multi-tubular gas heater, a hot-blast heat- 
ing fan and an induced draft fan for control of 
the furnace draft. The two fans are belt-driven 
by a single electric motor, which is operated by 
current from the shop power and lighting sys- 
tem. The important feature of the equipment is 
the design of burner used in the heater and the 
scheme of combustion chamber, which together 
are productive of high efficiency with low fur- 
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cover to allow for cleaning and inspection of the 
tubes. The path of the hot gases is thus up- 
ward from the furnace, A to chamber B, and 
thence downward through the tubes to cham- 
ber C, from which the products of combustion 
are’ handled by the induced-draft exhaust fan at 
D. The bank of tubes is enclosed by a sheet- 
metal casing through which the air for heating 
purposes is drawn by the motor-driven steel- 
plate heating fan. This fan delivers the air 
heated to a temperature of about 170° Fahr. 
through galvanized-iron ducts to the engine house 
as shown. 

Four combustion chambers, each 9 in. wide, 
and running parallel with the length of the fur- 
nace, are provided and are fed by 16 gas mixers, 


SELECTION A-A 


Arrangement of Heating Ducts at the Parsons Roundhouse. 
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nace temperature. The operation and_ success 
of the burner is dependent upon two factors: 
First, burning the gas in a combustion chamber 
lined with fire-brick kept at a high tempera- 
ture and a very small excess of air, and, second, 
diluting the small volume of hot gases at high 
temperature with a large volume of the re-circu- 
_lated products of combustion at the relatively low 
temperature of about 400° Fahr., giving a re- 
sultant temperature not to exceed 1,200° Fahr. 
The heater construction is well shown in the 
‘accompanying drawings. The apparatus consists 
in general of a bank of 4-in. vertical boiler flues 
expanded at the top and bottom into wrought- 
iron tube sheets of boiler plate. Beneath the tubes 
_ there is a space below the floor line which is di- 
- vided into two compartments. The first compart- 
ment, A, comprises the furnace proper, where the 
gas is burned under special conditions, and the 
Other portion, C, underneath the tubes, is an ex- 
 haust chamber for the burned gases. Above the 
tubes is located a breeching or connection, B, 
which is provided with a removable sectional 
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narily burners use a mixture of gas and air 
containing gas in excess—so that combustion is 
made complete by the introduction of additional 
air into the furnace to supply the deficiency. The 
difficulties experienced in attempting to burn a 
mixture containing the full quantity of air are 
due to the tendency of the flame to strike back 
through the burner openings unless the velocity 
of the gas be sufficiently high. Associated with 
this is the fact that unless ‘the combustion takes 
place at a very high temperature the flame is 
very easily extinguished. For these reasons the 
“Injector” type of gas mixer, shown in the draw- 
ings, was designed, being a compound nozzle 
which supplies a relatively large amount of air to 
the burner. A test was made upon the burner 
in which the fuel was supplied at a pressure of 
slightly over %4-in. water pressure, and it was 
found that, when the flames just disappeared at 
the top of the fire brick chamber (regulated by 
adjusting the air ports), the combustion was 
practically perfect. 

Analysis of the flue gas showed from one to 
two per cent. of oxygen present, one analysis 
showing as low as one-half of one per cent. 
While theoretically the temperature of such com- 
bustion would be 5,000 or 6,000° Fahr., but little 
more than one-half of this was attained in the 
combustion chamber, due to the fact that the 
thin fire-brick walls are surrounded on the out- 
side by the cooler flue gases which had been re- 
circulated by the induced-draft fan at high ve- 
locity. All portions of the cast-iron burners 
are outside of the combustion chamber save the 
top, which is amply protected by fire brick. The 
fire-brick lining is of the best grade and capable 
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Gas Furnace, Air Heater and Hot Blast Fan Equipment. 


Each combustion chamber is supported upon a 
double-slotted cast-iron burner, and the interiors 
of the combustion chambers are provided with 
fire-brick checker work, which, becoming in- 
candescent, provides for the complete combus- 
tion of the mixture of gas and air, before it 
leaves this chamber and passes up into the flues 
of the heater. The cooler products of combus- 
tion are thence drawn into the induced-draft fan 
and are partly discharged through the small ver- 
tical stack, but by far the greater portion of 
them are returned to the chamber, F, under the 
burners. This gas, returned, mixes with the prod- 
ucts of combustion above the burners, aided by 
cast-iron baffle plates, but the dilution with the 
cooler flue gas does not disturb the combustion, 
as this is complete when this dilution occurs. 

The gas mixers supplying the burners are also 
of special construction, being designed to work 
with the pressures from 10 to 20 Ib. Due to the 
type of burner in use the mixers must supply 
fuel with a quantity of air slightly in excess of 
that required for perfect combustion, while ordi- 


of withstanding temperatures up to 4,000° Fahr. 

As to the efficiency of the burner, it will be 
seen that, though a large volume of the flue gases 
is re-circulated to maintain a low temperature 
and in that way secure an efficient transfer of heat 
from the products of combustion to the air sup- 
plied to the building, the volume of gases dis- 
charged as useless equals the fresh air supplied 
to insure perfect combustion. Due to the fact 
that the furnace is of the internally-fired type, 
radiation is utilized and: actual efficiency would 
closely approximate the theoretical as calculated 
from the furnace temperatures. Since 9 cu. ft. 
of air and 1 cu. ft. of gas is required in the 
production of 1,000 B.t.u., there will be lost 
nearly 60 B.t.u. with the temperature of the waste 
gases at 400° Fahr. These results correspond 
to an efficiency of 94 per cent. 

The use of the gas furnace with producer gas 
would, from this, appear to be highly practicable, 
as the average producers on the market insure an 
efficiency of from 65 to 70 per cent. when using 
soft coal, which allows a combined efficiency 


384 


of 60 per cent.; the average boiler giving a maxi- 
mum efficiency of 65 per cent. would afford only 
50 to 55 per cent. under the variable conditions 
of a heating plant. This leaves a wide margin 
in favor of using a gas-fired furnace for heating 
in plants where steam is not used as the motive 
power and shows that the gas heater with pro- 
ducer gas may be operated quite as economically 
as a steam heating system. 

In the Parsons roundhouse, which contains 32 
stalls and also a machine shop, it was computed 
that about 8,000,000 B.t.u. per hour would be 
required for heating to 65° Fahr. in zero weather. 
It was shown that with a steam plant an initial 
fuel consumption equivalent to 12,000,000 B.t.u. 
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Reconstructing the Piers of a Double-Track 
Railroad Bridge. 


The New York Central & Hudson River R. R. 
originally crossed the Mohawk River at Sche- 
nectady, N. Y., on a double-track bridge, 723 ft. 
long, which was comprised of ten nearly equal 
deck lattice girder spans supported on masonry 


“piers with an average height of 5 ft. above high 


water and 30 ft. below high water. Several 
years after it was built the bridge was enlarged 
by the addition of two more tracks. The new 
girders parallel to the old ones were supported 
on continuations of the old piers extended down- 
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Cofferdam and Extension of Old Piers. 


would have had to be furnished per hour, while 
with the above heater 9,000,000 B.t.u. per hour is 
sufficient. However, under average conditions, 
about one-half of the above heating valves are 
required, which allows an average saving of I,- 
500,000 B.t.u. per hour and a maximum economy 
of 3,000,000 B.t.u. per hour. The average is 
equivalent to about 1,500 cu. ft. of gas per hour, 
which at 12 cents per thousand cubic feet per- 
mits a saving of 18 cents per hour, or $3.60 per 
24-hr. day. In addition must be counted the sav- 
ing in labor and attention required. An esti- 
mate of $400 yearly is miade, which is 8 per cent. 
on the cost of the equipment. 


CONTRACTORS FOR STREET IMPROVEMENTS in 
Scranton labor under special difficulties, accord- 
ing to City Engineer Henry Jifkiris, who made the 
following comments some time ago in an ad- 
dress before the local Engineers’ Club: “Con- 
tractors bidding on a city work are obliged, in 
order to protect themselves from loss, to take 
into consideration the fact that the monthly esti- 
mates of work done given by the engineer are 
not honored in cash, but only that amount of 
cash which has been paid in by the abutting prop- 
erty holders at that. date can be given to the con- 
tractor, and the balance (less 10 per cent. re- 
tained) he must take in sfteet improvement 
bonds, which the local banks will not negotiate 
and which he is compelled to hawk around the 
country to realize on, and then at a discount. 
Had we the means of paying cash for our city 
work, we would have the same discount or reduc- 
tion price bid as everybody else has for cash. 
Under our laws, also, the contractors must give 
a bond of one-half the contract price. This again 
is burdensome to them, and they include the cost 
of this item in their bid.” 
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tioned and after a time were somewhat under- 
mined by the erosion of the bottom which was 
sufficient to cause perceptible settlement. 

The recent abolition of grade crossings by the 
New York Central & Hudson River R. R. in 
Schenectady required the super-structure of this 
bridge to be raised about 5 ft. at the east end, 
and 3 ft. at the west end, the tracks being changed 
from level to a 0.35 per cent. grade, and when 
this work was done the opportunity was im- 
proved for reconstructing the piers at the same 
time that they were made higher to provide for 
the new grade. Provision was also made for the 
removal of the second and third piers from the 
east end of the bridge and the construction of 
larger new piers in place of the first and fourth 
piers so as to provide a single span 200 ft. clear 
opening for the barge canal that is to be made 
in the river at this point. This work, however, 
will not be executed immediately and the old 
piers are still in service for this part of the 
bridge. 

For the remainder of the bridge, the piers 
originally numbered 5, 6, 7, 8 and 9, are being 
reconstructed and the entire superstructure has 
been*raised to the required grade. Traffic was 
abandoned on tracks 1 and 2, and girders carry- 
ing these tracks raised by means of steam cranes 
and jacks to final grade and supported on tim- 
ber cribbing. Double transverse rows of piles 
on each side of old pier 6 were driven from the 
tracks, through the bridge floor. 

The pairs of transverse bents were braced to- 
gether longitudinally and transversely to form 
towers with transverse caps seated on the pile 
tops and wedged up against the bottom flanges 
of the girders so as to take the full weight of 
the latter, and release the old pier which was re- 
moved down to the water’s edge as shown in the 
accompanying illustration taken from a photo- 
graph looking north, December 2, 1905. A coffer- 
dam made with 12-in. triple-lapped wooden piles 


Near View of Falsework Towers Supporting Girders During Construction. 


stream and built like the old portions, except 
that the crib work was made of somewhat dif- 
ferent construction. The piles were capped 
longitudinally just below low water level, with 
a deck made with one solid course of transverse 
6-in. planks and surrounded by a crib of 3-in. 
planks laid flat and interlaced, while on the old 
portion the piles were not capped, but were sur- 
rounded by a crib of hewn timbers, and topped 
with a platform of 6-in. planking, laid transverse- 
ly and supported on pile tops or gravel filling 
as they happened to come, and resting on the 
edges of the cribs. The old piers were not in 
any way protected except by the cribbing men- 


was driven around the old pier enclosing the 
falsework towers,,.and the submerged masonry 
and old cribs were removed. The most faulty of 
the old piles were pulled and replaced with new 
piles and additional piles were driven and a 
mass of concrete 12 in. thick was placed around 
them flush with the upper ends, which had been 
accurately sawed in the_same horizontal plane. 
Above this level a 3-ft. battered layer of con- 
crete was carried up to the base of the pier shaft 
and was reinforced by longitudinal and trans- 
verse tiers of old rails from 10 to 12 in. apart 
on centers. They wére laid to break joints and 
were spliced with two angle bars. On this 
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course was built the pier shaft 30 ft. high with 
the two long sides and the down-stream end 
battered 3 to 48 and made with 1:3:6 Portland 
cement concrete. The up-stream end of the pier 
was battered 1:6 and pointed 90 deg. to act as 
an ice breaker. Its edge was protected with an 


8x8x34-in. breakwater angle secured with coun- 


Girders Supported on Falsework 


tersunk bolts bedded in the concrete. The shaft 
is finished with two projecting courses, the upper 
one made with 1:1:2 concrete and reinforced 
near the upper surface with a continuous sheet 
of 3x8-in. mesh, Clinton galvanized wire cloth 
made with Nos. 8 and Io wires. 

Tracks 1 and 2 of the bridge were devoted 
entirely to construction purposes. On them con- 
crete was delivered by means of dump cars from 

~ a Ransome concrete mixer installed on shore and 
discharged through a chute. 

The cofferdam as planned for the construction 
of old pier six, was 70 ft. long and 151% ft. wide 
in the clear inside and was made with 12-in. 
sheet piling driven against roxio-in. outside rang- 
ers bolted at low-water level to guide piles 8 ft. 
apart. The bracing consisted of three tiers of 
inside rangers and transverse struts 8 ft. apart 
in the planes of the outside guide piles, all tim- 
ber being 10 x 10 in. Inside the cofferdam a 
row of 3-in. tongue and groove sheet piling in- 
clined slightly outwards was to be driven to a 
depth of 1o ft. below the bottom of the river, 
thus penetrating. a little farther than the sheet 
piles and reaching almost under their feet. The 
plan could not be followed exactly in construc- 
tion on account of riprap encountered in driving 
and a much larger dam was constructed in order 
to avoid the riprap. The cofferdam was removed 

_ after the construction of the pier. The ends of 
‘the cofferdam were braced at the center point 
by pairs of diagonal struts. mortised into the 
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side rangers at the ends of the first transverse 
struts. As the construction of the new pier 
progressed, the cofferdam braces were of course 
replaced by short braces from both sides bearing 
against the concrete moulds. 

In demolishing the old pier the masonry was 
found much better than had been anticipated, 


Towers During Construction. 
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and as a series of observations recorded for sev- 
eral years did not show any recent increase in 
the settlement or displacement of the remaining 
old piers, it was decided that it was unnecessary 
to wholly remove them and a large part of the 
original masonry is retained in the other recon- 
structed piers. A careful examination showed 
that the cribs under the old parts of the piers 
had been undermined, as indicated in the ac- 
companying general drawing of piers 5, 7, 8 and 
9. A row of protecting piles is driven to en- 
close the foundations and the space between 
them and the old footing is filled with riprap 
stone to protect the surface of the ground and 
prevent any future scour. Falsework towers are 
built on each side of each pier, similar to those 
shown in the picture of pier six, and support 
the ends of the adjacent spans while the old ma- 
sonry is cut down about 3 ft. to the bottom of 
the coping courses and the up-stream ends racked 
off to the deck of the crib. No cofferdams were 
required in this work, the lower portions of new 
concrete starkwaters being deposited on the cribs 
under water. The tops and ends of the piers 
are rebuilt with 1:3:6 concrete up to the level 
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Girders Blocked Up on Reconstructed Pier. 


of the new copings which are made 1:1:2. A 
tier of longitudinal reinforcement rails is bedded 
in the pier shaft just below the coping and an- 
other tier is bedded in the coping which is fur- 
ther reinforced by a layer of Clinton wire cloth. 
Old piers 5, 7, 8, 9 are being thus reconstructed, 
some of them having been completed, and simi- 
lar work has been done on the abutments which 
with their wing walls were topped out with con- 
crete and protected by riprap at the bottom, hav- 
ing a slope of 14:1. 

After tracks I and 2 were raised to final grade 
and pier 6 reconstructed traffic was turned on 
these tracks; tracks 3 and 4 were abandoned 
for traffic, raised and used for construction 
tracks. The work was planned under the direc- 
tion of Mr. W. J. Wilgus, vice-president; Mr. 
C. J. Parker, principal assistant engineer, and 
Mr. A. W. Carpenter, engineer of bridges, and 
will be executed entirely by the railroad com- 
pany’s forces under Mr. G. W. Vaughan, engi- 
neer of maintenance of way, and Mr. C. E. Lind- 
say, division engineer. 
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Heating and Ventilating Schoolhouses. 
By Charles L. Hubbard. 


The heating and ventilating system of a mod- 
ern school building has now become a matter 
of as much importance as the construction of the 
building itself, and its design should be laid 
out with as much care as that of the architect. 
The following data is based on many years of 


practical experience in this particular line of 


work and may be easily adapted to almost any 
building: The first point to be considered is, of 
course, the selection of a suitable system, and this 
is usually determined by the cost of installation 
and the size and location of the building. As- 
suming that a selection has been made, the prin- 
cipal points to be considered in laying out and 
proportioning the different parts of the apparatus 
will be described in some detail. 

Purnace Heating—For school buildings of 
small size, the furnace system is simple, con- 
venient and generally effective. Its use is con- 
fined as a general rule to buildings having from 
2 to 4 rooms, although furnaces are sometimes 
used for 8-room buildings. One furnace is not 
commonly made to warm more than two class- 
rooms, as the warm-air pipes connecting the fur- 
nace with the flues must be short, to obtain the 
best results. 

Like all systems which depend on natural 
circulation, the supply and removal of air is 
considerably affected by changes in the outside 
temperature and by winds. The furnaces used 
for school-house warming afe usually built of 
cast iron, this material being durable, and easily 
made to present large and effective heating-sur- 
faces. To adapt the larger sizes of house-heat- 
ing furnaces to schools, a much larger space 
must be provided between the body and casing, 
to permit a sufficient volume of air to pass to 
the rooms. The free area of the passage should 
be sufficient to allow a velocity of about 400 ft. 
per minute. 

The size of furnace is based upon the heat loss 
by conduction through walls and windows plus 
that required for ventilation. With more regu- 
lar and skilful attendance, it is safe to assume 
a higher rate of combustion in school-house fur- 
naces than in those used for warming dwelling 
houses. Allowing a maximum combustion of 
6 lb. of coal per hour per square foot of grate, 
and assuming that 8,000 B. t. u. per pound of 
coal are taken up by the air passing over the 
furnace, we have 6 & 8,000 = 48,000 B. t. u. 
furnished per hour per square foot of grate. 
Therefore, if the total B. t. u. required for both 
warming and ventilation be divided by 48,000 
it will give the necessary grate-area in square 
feet. It has been found in practice that a fur- 
nace with a fire-pot 32 in. in diameter, and hav- 
ing ample heating-surface, will heat two 50-pupil 
rooms in zero weather. £0 aa 

The velocity of the warm air within the uptake 
flues depends upon their height and the difference 
in temperature between the warm air within the 
flues and the cold air outside. The action of the 
wind also affects the velocity of air flow. It 
has been found by experience that flues having 
sectional areas of about 6 sq. ft. for first-floor 
rooms, 5 for the second-floor, and 4% for the 
third, will be of ample size for standard class- 
rooms seating from 40 to 50, pupils in primary 
and grammar schools. These sizes may be used 
for both furnace and indirect gravity steam heat- 
ing. 

In mild damp weather, the air-supply will 
fall somewhat below the standard desired; but 
if the flues are made much larger they will 
furnish more air than can be heated in cold and 
windy weather. The cold-air supply duct may be 
made three-quarters the size of all the warm- 
air flues, if free from bends, or the full size, if 
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obstructed in any way. Each furnace should, 
if possible, receive air from two sides of the 
building, preferably the north and south, or the 
northwest and southeast. Each duct should be 
of sufficient size to supply the full amount of 
air required, and should be provided with an air- 
check similar to that shown in Fig. 1, made up 
of flaps of duck or light canvas, closing against 
a screen of wire netting. To make the system 
more complete, mixing-dampers may be placed 
in the warm-air flues. A typical arrangement of 
furnace, air-ways and dampers is shown in dia- 
gram in Fig. 2. 

The vent-flues may be made 5 sq. ft. for the 
first floor and 6 for the second and third. They 
may be arranged in banks and carried through 
the roof in the form of large chimneys, or may 
be cafried to the attic space and there gathered 
by means of galvanized-iron ducts connecting 
with roof vents of wood or copper construction. 
The former,arrangement, however, is to be pre- 
ferred, when it can be provided for. All roof 
vents should extend well above the ridge of the 
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the furnace’ and carry it up between two vent- 
flues, as shown in-section in Fig. 3. If a sep- 
arate furnace is used for each two rooms, this 
arrangement may be used in each case. The in- 
let and outlet openings from the rooms into the 
flues are commonly provided with grilles of iron 
wire, having a mesh of 2 to 2% in. Both flat 
and square wire are used for this purpose, the 
weight of wire depending upon the size of open- 
ing. For ordinary work, 5/16-in. flat wire or 
lé to 3/16-in. square wire may be used, set in 
light channel-iron frames. In the best class 
of work, flanges are riveted to the channels and 
the grilles screwed to wood grounds or frames. 

Dampers are commonly placed back of the 
inlet grille for closing in case the room is not in 
use. — 

Similar dampers should be provided for the 


vents, although curtains with rolls and pull cords, - 


similar to the ordinary window shade, are often 
used for this purpose. The use of dampers at 
the vent openings is for night closing and for 
regulation in the case of temporary down-drafts 
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Various Arrangements of Heating and Ventilating Apparatus. 


building ‘in order to prevent down draughts 
caused by the air currents striking the roof and 
being deflected down the flues. Flues starting 
above-the basement should in general be covered 
with a hood of some~form to keep the snow 
and rain from falling into them. Where a hood 
is used, the free opening under it should be made 
twice the area of the flue. This is done because 
in case of winds the entire discharge from the 
flue is in, one direction and must pass through 
only two of the external side-openings under the 
hood. Roof vents starting at the attic floor, or 
above, should be provided at the bottom with 
water-tight pans of copper or galvanized-iron, 
with suitable drains, to prevent rain or melting 
snow from reaching the ceiling below. All vent- 
flues through the roof should be provided with 
dampers for closing when school is not in ses- 
sion. In order to make the vent-flues draw suf- 
fiently. in mild or heavy weather, it is necessary 
to provide some means for warming the air with- 
in them to a temperature somewhat above that 
of the rooms with which they connect.’ This 
may be done by placing a small stove, made es- 
pecially for this purpose, at the base of each 
‘flue. If this is done, it is necessary to carry the 
air down and connect with ‘the flue just below 
the stove. 

A much better method, and one equally effec- 
tive, is to use a wrought-iron chimney-stack for 


.or excessive ventilation during high winds. 


Shut-off dampers should be placed in all cold- 
air inlets, and doors opening from the basement 
into the cold-air box should be provided for use 
at night or when the school is not in session. 

Indirect Gravity System—The indirect gravity 
system of steam heating comes next in cost of 
installation. 
than furnace heating because a stack or heater 
may be placed at the base of each flue and a 
single boiler made to supply them all, thus do- 
ing’ away with the necessity of carrying several 
fires. Heating or aspirating coils may be used 
in place of stoves in the vent flues, thus sim- 
plifying the system still more. 

The gravity system has the fault of not sup- 
plying a uniform quantity of air under all con- 
ditions of outside temperature, the same as a 
furnace, but when properly arranged may be 


made to give quite satisfactory results during~ 


the greater part of the heating season. The 
greatest care should be taken to provide an 
abundant supply of cold air to the heaters, and 
ducts should be arranged for taking it from at 


“least two sides of the building, or, if possible, 


from all four sides. When it is taken from four 
sides, each inlet should be- made large enough 
to supply one-half the amount, or in other words, 
any two should give the total quantity required. 

It is often possible to arrange the flues in 


This is adapted to larger buildings - 
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Z groups so that all of the heating stacks may be 
_ placed in two or more cold-air chambers, de- 


pending upon the size of the building. A cold- 
air trunk-line may be run through the center 
of the building, connecting with the outside on 
all four sides, and having branches supplying 
each cold-air chamber. Sometimes the stacks 
may be placed as shown in Fig. 4, eack cold-air 
toom having an outside inlet window and, in 
addition) a cross-connection with the air-chamber 
upon the opposite side of the building. 

The inlet to each cold-air chamber snould be 
of sufficient size to supply both stacks. Fig. 5 


' shows atypical arrangement for a cold-air cham- 


ber with heaters supplying four rooms, the two 
flues not shown being duplicates of those in the 
cut. The cold air is admitted through inlet 
windows as shown in Fig. 6. The sashes are 
hinged at the top and close against frames set 
at a slight angle from the vertical, so that their 
weight will cause them to shut tightly without 
the use of levers or weights. A galvanized-iron 
casing with cloth air-checks should be provided 
to prevent back-draughts from carrying the air 
from the chamber out of doors. 

The sashes may be operated by chain-and- 
pulley attachments as shown. Mixing-dampers 
are arranged in the flue as indicated, and are 
operated from the rooms with which the flues 
connect. The chains should be of good size 
and run over full guarded pulleys not less than 
3 in. in diameter. They should pass into the 
rooms 3 or 4 ft. above the floor through catch 
plates marked to indicate their use. Regulat- 
ing dampets should be placed in the flues at 


FIG. 6 


Arrangement of Air Inlet Window. 


some point above the mixing-dampers, for regu- 
lating the flow of air to the different rooms. 
Special care should be'taken to make the mixing- 
dampers tight-closing, and they should be stif- 
fened with light angle or tee iron in order to 
hold them in shape. 

The opening into the flue from the hot-air 
space over the heater should be practically the 
full size of the flue. 

One of the principal objections to a mixing- 
damper is its failure to thoroughly mix the 
currents of hot and cold air before they reach 
the register. In the case of schoolhouse work, 
the height of the flues, even to the first floor, 
is sufficient to overcome this to a considerable 
extent, especially if the dampers are arranged 
so that the cold air ascends at the back of the 
fiue and is delivered at the top of the register. 
In this case the warm air entering at the bottom 
of the register tends to rise, and the cold air 
at the top to fall, thus mixing the two currents 
as they are delivered into the room. The flues 
may be made either of galvanized-iron or of 
brick; the former is preferable on account of 
its smooth surface, but if brick flues are smooth- 
ly plastered they may be made to give satisfac- 


tory results, and are somewhat more durable 


_ than iron. 
_ Cast-iron pin-radiators are particularly adapt- 
ed to this class of work. The “School Pin,” 


patterns, in the experience of the writer. 
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having a section about Io in. in depth and rated 
at 15 sq. ft. of heating surface is used quite 
extensively by some engineers. The “Utica Pin” 
has been found to be one of the most satisfactory 
The 
sections are connected at alternate ends so that 
the flow of steam is positive through each sec- 
tion of the entire stack. The sections are rated 
at 12 sq. ft. of heating-surface each, and are 
about 7 in. in depth. The free air-space between 
the sections of both patterns is a little over 60 
sq. in. An efficiency of 800 B. t. u. may be safely 
counted upon in zero weather with radiators of 
the above form. A standard corner class-room, 
seating 50 pupils and having the usual propor- 
tion of glass surface, requires from 20,000 to 
30,000 B. t. u. per hour for warming, and about 
150,000 B. t. u. for ventilating purposes in zero 
weather, making a total of 180,000 B. t. u., and 
180,000 + 800 = 225 sq. ft. of heating-surfacé 
required. Stacks containing from 220 to 240 sq. 
ft. of surface for southerly rooms and from 240 
to 260 for those having a northerly exposure 
have been found ample for ordinary conditions 
in zero weather. The stack for each room should 
be divided into two groups in the proportion of 
I to 2, with valves in the supply and return 
so that the surface may be partly proportioned 
to the outside temperature. More accurate ad- 
justment may be obtained by the use of the 
mixing-damper which is under the control of the 
teacher. 

Where mixing-dampets are employed it is well 
to hang dial thermometers at the center of the 
inlet grilles to indicate the temperature of the 
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Steam Connections for School Rooms. 


entering air. A little experience will then enable 
one to tell what temperature of air is necessary 
to warm the room under different outside con- 
ditions. Without this, the damper is very apt 
to be thrown wide open for either hot or cold 
air as the immediate requirements may indicate, 
with the result of either overheating the room 
on the one hand, or of producing draughts and 
reducing the air-supply below the normal, on 
the other. For the best results, a mixing damper 
should be set in an intermediate position, so that 
the mixture of warm and cool air will be in the 


right proportion to maintain an even tempera- 


ture within the room. The vent-flues should 
be provided with steam coils for use in mild 
weather and also in cool weather until an out- 
ward flow is well established. It has been found 
by experience that an efficient coil having from 
30 to 40 sq. ft. of heating-surface is sufficient 
for the vent of an ordinary sized school-room. 
One of the best forms of heater for this pur- 
pose is made up of Nason tubes screwed into a 
cast-iron base and placed in an inclined position 
within the flue just above the vent opening from 
the room. Each heater should have a separate 
supply pipe running up from the basement; these 
are usually placed upon a separate line of piping 
so that the heaters may be used when the rest 
of the building is shut off. 

A separate boiler of small size for supplying 
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these heaters is often provided for use in spring 
and fall before the heating-boilers are fired up. 
Especial care must be taken to locate the air- 
valves upon the vent-flue heaters at points where 
they can be reached for adjustment. A good 
arrangement is to bring down a small pipe from 
each heater and place the air-valves just back 
of the grille in such a manner that they may be 
easily reached by means of a screw-driver or 
key. In any system of indirect heating, provision 
should be made for air rotation by doors opening 
from the basement into the cold-air chambers. 
At night or when school is not in session the 
outside cold-air windows should be closed and 
the rotation doors opened. Doors from class- 
rooms into corridors, and from corridors into 
basement stairways, should also be opened to 
allow a complete rotation of air through the 
heaters for warming without ventilation. 

Foot-warmers, so-called, should be placed un- 
der the first floor corridor, near the entrances. 
These consist of indirect stacks containing from 
80 to 100 sq. ft. of heating-surface placed at 
the basement ceiling with large registers above 
them. A long narrow register, from 12 to 18 
in. in width, will acommodate more pupils at 
the same time than one of the same area more 
nearly square. 

These heaters are sometimes made to take 
their air directly from the basement through 
large openings in the bottoms of the casings, 
but it is better to connect them with the outside 
air-supply and thus furnish fresh air to the 
corridors. Small rooms, such as teachers’ rooms, 
toilet and coat rooms, are best heated by direct 
radiation, but should be provided with vent- 
flues. The radiator sizes may be computed by 
any of the standard methods in common use. 
In basement rooms it is usually necessary to 
place the heating coils near the ceiling in order 
to bring them above the waterline of the boiler. 
When this is done it is necessary to increase the 
surface from 30 to 50 per cent. above that com- 
puted, as coils placed in this position are less 
efficient than when near the floor. 

One of the disadvantages of indirect heating 
for school-house work is the delivery of all the 
heat to the’ room from a single point, and this 
not always in a position to give the best results. 
The outer walls are thus left unwarmed, ex- 
cept as the heat is diffused throughout the room 
by air currents. When there is considerable glass 
surface, as in most of our modern school-rooms, 
draughts and currents of cold air are frequently 
found along the outside walls. A better arrange-_ 
ment, although somewhat more costly, is the 
use of indirect heaters for warming the air need- 
ed for ventilation, and the placing of direct 
radiation in the rooms for heating purposes. The 
general construction of the indirect stacks and 
flues may be the same, but the heating-surface 
can be reduced, as the air in this case must be 
raised only to 70° or 75° Fahr. in zero weather; 
the heat to offset that lost by conduction through 
walls, and so forth, being provided by the direct 
surface. The mixing dampers should be retained, 
but the temperature of the rooms may be regu- 
lated by opening or closing the steam-valves on 
the direct coils, which may be done either by 
hand or automatically. 

The indirect stacks, when used for ventilation 
only, should contain about 200 sq. ft. of heating 
surface for each room. If we assttme 50 pupils 
per room, with an air-supply of 40 cu. ft. per 
minute each, we shall have 50 X 40 X 60 = 120,- 
ooo cu. ft. per hour and (120,000 X 70) + 55 = 
152,000 B. t. u., in round numbers, and 152,000 — 
800 = 1090 sq. ft. of heating-surface required. 

It is evident that for much of the time this 
amount of heating-surface will be sufficient for 
both warming and ventilating and, if mixing- 
dampers are provided, the direct surface will be 
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needed only in the coldest weather and may be 
operated by hand. Where the first cost must be 
kept as low as possible, this arrangement may be 
used, but if the most satisfactory results are de- 
sired at an increased cost, the mixing-dampers 
may be used for regulating the temperature of 
the ventilating air only, and automatic control 
applied to the direct coils. In addition to this, 
the indirect stacks should be divided into sec- 
tions and valved as already described. 

The direct surface may be computed by usual 
methods or by the following simple rule which 
has been found to give satisfactory results in a 
large number of buildings of this class: Divide 
the outside wall surface by 12 and the glass 
surface by 5; add the quotients, and the results 
will be the square feet of heating-surface re- 
quired for wall coils. If cast-iron radiators are 
to be used in any of the rooms the surface com- 
puted by the above rule should be multiplied 
by 1.3. ; 

These sizes are for rooms having a southern 
exposure; for other exposures, multiply by the 
factors already given for this purpose. If the 
building has a cold attic, the heating-surface in 
rooms on the upper floor should be increased 
about 20 per cent. Where a building is in a 
very exposed location, or where the temperature 
frequently drops below zero, the factors Io and 
4 may be used in place of 12 and 5. The direct 
radiation is best made up in the form of circu- 
lation coils and placed along the outer walls 
beneath the windows. This supplies the heat where 
most needed, and does away with the tendency 
to draughts. Where direct radiation is used, 
the quantity of heat supplied is not affected by 
varying wind conditions, as is the case in in- 
direct heating. Although the air-supply may be 
reduced at times, the heat quantity is not changed. 
Circulation coils are usually made up of 1%-in. 
pipe screwed into branch tees and supported upon 
hook-plates attached to the wall. It is common 
in school-house work to run pipes around the 
two outside walls in corner rooms, making the 
steam connection at one end and the return at 
the other. Coils of this form should have a 
grade of about I in. in 20 ft. toward the return 
end in order to secure proper drainage and quiet- 
ness of operation. 

As the class-rooms are regularly superposed 
_on the different floors, supply risers may be car- 
ried up and the coils on each floor supplied from 
the same riser. The returns are sometimes con- 
nected with a common return in a similar man- 
ner. Where this is done they should be dropped 
through the floor and the connection made with 
the vertical drop at the ceiling of the room be- 
low. A check-valve should be placed in each 
connection. to prevent the steam from one coil 
backing into another through the return when 
it is first turned on. This method of connection 
and the proper location of air-valve are shown 
in Fig. 7. A better arrangement is to carry a 
separate 34-in. return from each coil to the 
basement, and connect with the main horizontal 
return below the water-line of the boiler; this 
seals each connection and makes each coil inde- 
pendent of the others. When the connections 
are made in this manner, the air-valves may be 
placed in the return drops just below the base- 
ment ceiling instead of on the coil. 


Sometimes the rooms are so arranged that the 


ating-surface must all be pla¢éd upon a single 
wall. In this case a “return bend” or “trombone” 
Coil Stould be used instead of a branch coil, 
to allow for the expansion of the pipes. Over- 
head coils in basement rooms are usually of the 
miter” form Jaid on the side and suspended 
about a foot below the ceiling; they are less 
efficient than when placed nearer the floor, as 
the warm air stays at the, ceiling and the lower 
Part of the room is likely \t0 remain cold. They 
are only used when wall-coj Is or radiators would 
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be in the way of fixtures, or when they would 
come below the waterline of the boiler if placed 
near the floor. 

Fan System.—The most satisfactory method of 
ventilating buildings having six or more rooms 
is by means of a fan or blower. 

With this system the air-supply is practically 
constant under all usual conditions of outside 
temperature and wind action. This gives it a 
decided advantage over natural or gravity meth- 


‘ods which are affected to a greater or less degree 


by outside conditions as’ already stated. In the 
usual or plenum method, the air is forced into 
the building after being passed through a heater 
for raising it to the desired temperature. The 
heater is usually made up in sections so that 
steam may be admitted to or shut off from any 
section independently of the others, and the tem- 


Ww COSSAMER 
qt CHECKS 
\ 

& WIRE 

Ny NETTING 
a) 

ty 

c 


LINE 


UPIPES 25° ON CENTERS. 


EE LS OE 


FRONT VIEW 


SIDE VIEW 


HED 


> 
Air Checks; Limited Space Heater. 


perature of the air regulated in this manner. 
Sometimes a by-pass damper is employed, so 
that part of the air will pass through the heater 
and part around or over it; in this way the pro- 
portions of cold and heated air may be so ad- 
justed’ as to give the ‘required temperature to 
the air entering the rooms. These forms of reg- 
ulation are common where a blower is used 
for warming a single room, as in the case of a 
church or hall; but where several rooms are to 
be warmed, as in a school-house, it is customary 
to use the main or primary heater at the blower 
for warming the air to a given temperature, 
somewhat below that which is actually required, 
and to supplement this by placing secondary 
coils or heaters at the bases of the different flues, 
or by the use of direct radiation in the rooms. 
By means of these arrangements the tempera- 
ture of each room can be regulated independently 
of the others. The so-called double-duct sys- 
tem is sometimes employed for this purpose. 
In this case two ducts are carried to the base of 
each flue, one conveying hot air and the other 
cool or tempered air, and a mixing-damper placed 
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at that point for regulating the quantity of each 
for producing the desired temperature. 

The volume of air which a given fan will 
deliver depends upon the speed at which it is 
run and the friction or resistance through the 
heater and air ways. The pressure referred to 
in connection with a fan is that in the discharge 
outlet, and represents the force which drives 
the air through the ducts and flues. The greater 
the pressure with a given resistance in the pipes 
the greater will be the volume of air delivered, 
and the greater the resistance, the greater the 
pressure required to deliver a given quantity. 

Fan wheels of the same manufacture are usual- 
ly made with a constant ratio between the diam- 
eter and width, although special forms are made 
where. this does not hold true. All practical 
data on the action of fans is based on the results 
of tests, and from these the following relations 
have been found to be approximately correct. 

(1) The volume of air delivered varies di- 
rectly as the speed of the fan, that is, doubling 
the number of revolutions doubles the volume of 
air delivered. 

(2) The pressure varies as the square of the 
speed, for example, if the speed is doubled the 
pressure is increased 2 X 2 = 4 times. 

(3) The power required to run the fan varies as 
the cube of the speed; again, if the speed is 
doubled the power required is increased 2 X 2 X 
2 = 3 times. ; 

The value of a knowledge of these relations 
may be illustrated by the following example: 
Suppose for any reason it was desired to double 
the volumé of air delivered by a certain fan. 
At first thought the decision might be made to 
use the same fan and run it twice as fast; but 
when the power required came to be considered 
it would be found that this would have to be in- 
creased 8 times, and it would probably be much 
cheaper in the long run to put in a larger fan 
and run it at lower speed. In speaking of a 
fan as a 4 or 5-ft. fan, the diameter of the pro- 
peller wheel is meant, but if an 80 or 100-in.- fan~ 
is mentioned the height of casing in inches is 
meant. . 

It has been found in practice that fans of the 
blower type having curved floats operate quietly 
and give good results when run at a speed cor- 
responding to % ounce pressure at the discharge 
outlet; this gives a speed of about 3,600 ft. per 
minute at the circumference of the: wheel. High- 
er speeds are accompanied with a greater ex- 
penditure of power and are likely to produce a 
roaring noise or cause vibration. A much lower 
speed does not provide sufficient pressure to give 
proper control of the air distribution during 
strong winds. Table 1 gives average capacities 
for various sizes of fans and the corresponding 
horse-power of engine required. If an electric 
motor is used, multiply the horse-power given 
in the table by 1.3. 
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90 54 28 260 11000 4 
100 60 32 233 12500 4 
120 72 43 195 21500 7 
140 84 48 167 28600 9 
160 96 43 147 31800 10 
108 34 130 40400 13 
120 60 117 51000 16 


This is done because it is impossible to tell 
exactly what the power required will be, and it 
is well to have an excess to meet any emergency 
or unlooked-for conditions which may arise. In 
the case of a steam engine the steam pressure 
may be raised to meet any special requirements 
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but a motor can only give out the original power 
for which it was designed. 

A simple, quiet running engine is desirable 
for use in connection with a fan or blower. It 
‘may be either horizontal or vertical and for 
school-house and similar work should be pro- 
vided with large cylinders so that the required 
“power may be developed without carrying a boiler 
“pressure much above 30 lb. In some cases cyl- 
‘inders of such size are used that a boiler pres- 
‘sure of 12 or 15 lb. is sufficient. The quantity 
-of steam which an engine consumes is of minor 
importance, as the exhaust can be turned into 
the coils and used for heating purposes. If 
“space allows, the engine should always be belted 
to the fan. Where it is direct-connected, there 
is likely to be trouble from noise, as any slight 
looseness or pounding in the engine will be com- 
municated to the air ducts and the sound will 
be carried to the rooms above. 

Electric motors are especially adapted for use 
in connection with fans. They are easily con- 
trolled by a switch and starting box or regu- 
lator. The motor may be directly connected 
to the fan shaft or it may be belted. 

With the blower type of fan the size of the 
main ducts may be based on a velocity of from 
1,000 to 1,200 ft. per minute, and the branches 
on a velocity of 800 to 1,000 ft. per minute, and 


THE ENGINEERING RECORD. 


the room made by the fan when running will 
cause the checks to open outward and allow 
the air to pass by them, but a reversal of the 
current will close them tightly and prevent the 
inleakage of cold air. An arrangement of this 
kind is shown in Fig. 8. 

Vent-flue heaters are not usually required in 
sconnection with a fan system, as the force of the 
fan is sufficient to supply the required quantity 
of air at all times without the aspirating effect 
of the vent-flues. 

The usual form of heating coil as made by the 
manufacturers of blowers is better adapted to 
hot-blast heating where high temperatures of air 
are required than to school-house ventilation 
which calls for large volumes at inoderate tem- 
peratures. : 

A heater for ventilating purposes does not have 
to be more than 8 to 10 pipes deep, so, if this 
type is employed, the larger sections may be 
used and a sufficient number placed side by side 
to make up the required amount of radiating- 
surface for a heater of this depth. The form 
shown in Fig. 9 is particularly adapted to build- 
ings where a large volume of air is to be sup- 
plied, and the space available for the heating 
apparatus is somewhat limited. Heaters of this 
form may be counted upon to give off at least 
1,800 thermal units per hour, per square foot of 
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as low as 600 to 800 when the pipes are small. 
The velocity in the vertical flues may be from 
600 to 7oo ft. per minute, although the lower 
velocity is preferable. The size of the inlet 
registers should be such that the velocity of the 
entering air will not exceed 350 to 4oo ft. per 
minute. The velocity between the cold-air inlet 
windows and the heater may be from 800 to 1,000 
ft., provided the distance is short. 

When the air is delivered through a register 
at the high velocities mentioned, some means 
must be provided for diffusing the entering cur- 
rent in order to prevent disagreeable draughts. 
This is usually accomplished by the use of 
deflecting blades of galvanized iron set in a ver- 
tical position and at varying angles so that the 
air is thrown toward each side as it isues from 
the register. The.proper angle for the blades 
depends upon the position of the register, whether 
in the corner of a room or in a central position. 

The size of the vent-flues should be about 
the same as for a gravity system, that is, about 


6 sq. ft. for a standard class-room, and in the 


same proportion for smaller rooms. In some 
buildings large vent-flues are used, extending 
from the basement through the roof and being 
connected with two or more rooms on each floor. 
In cases of this kind the cold air at night is apt 
to settle down the flue, even though a damper is 
provided, and flow into the rooms. To prevent 
this, light checks of gossamer cloth about 5 


in. in width are strung on wires and fastened to- 


the backs of the vent grilles. The pressure in 
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surface, with a steam pressure of Io lb. and the 
entering air at zero. 

Cast-iron pin radiators have an efficiency of 
about 1,500 thermal units under the same con- 
dition. 

In designing a system of ventilation for a 
school building the main heater is usually made 
large enough to raise the total air-supply to a 
temperature of about 75° Fahr. in the coldest 
weather. The heat for warming is then provided 
by a separate system of direct radiation placed 
in the rooms or by indirect stacks at the base of 
the flues. 

Fig. 10 shows a typical arrangement of fan and 
overhead cast-iron heater. The air is drawn 
through the inlet windows, as shown, and passes 
into the space above the heater; it is then drawn 
through it and into the fan, from which it is 
discharged into the main distributing-ducts at 
the basement ceiling. The bottom of the heater 
should be at least 30 in. above the water-line of 
the boiler so that the condensation will easily 
flow back by gravity through a check-valve. 

This is one of the simplest arrangements of 
fan and heater, as it does away with the use 
of pumps and traps for returning the condensa- 
tion to the boiler. When the system is used, an 
engine with a large cylinder should be employed 
so that the steam-pressure need not exceed 15 
or 18 lb, and the whole system, including the 
direct surface, may be run upon the same pres- 
sure. This arrangement is adapted to all build- 
ings of small and medium size where the heater 
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can be placed at a sufficient height above the 
boilers. 

For large high schools the cast-iron heater 
becomes somewhat cumbersome on account of its 
size, and an exceedingly large engine would be 
required for running the fan on a low steam 
pressure. In this case it is best to carry a 
boiler pressure of 35 or 40 lb., and reduce to 
about 10 Ib. for the main heater, and 3 to 5 Ib. 
for the supplementary or direct radiation. The 
main heater is usually made of wrought-iron pipe 
in the case of large buildings, being more com- 
pact for a given heating surface and thus occupy- 
ing less space. 

Fig. 11 shows a typical arrangement for a 
pipe heater, with a fan discharging into an under- 
ground air-way. As heaters of this type are 
made to rest upon foundations near the floor, 
the lower portion is below the water-line of the 
boilers, and it becomes necessary to return the 
condensation by the use of a pump or return 
trap. 

The pumps used for returning the condensation 
to the boilers are automatic in action. They are 
usually combined with a receiving tank of 
wrought or cast-iron mounted upon the same 
foundation. ; 

In buildings of considerable size it is cus- 
tomary to use a wrought-iron tank somewhat 
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larger than that commonly furnished for this 
purpose, and to connect it with two duplex pumps, 
each of sufficient size to do the whole work. 
This gives an extra pump in case of repairs. In 
this-arrangement it is usual to use. a pump- 
governor instead of a float in the tank. 

When two pumps are provided it is customary - 
to use them alternately, changing once a week 
or so, and thus keeping them both in working 
order. If one is allowed to remain idle too long 
at one time, it is apt to become rusty or gummed 
with oil inside. 

Where different parts of the system are run 
on different pressures, it is necessary to dis- 
charge the condensation from each into the re- 
ceiving-tank through a trap; the tank being 
connected with atmospheric pressure through a 
vapor pipe carried to the top of the building. 
Overhead returns and the condensation from the 
‘main heater are trapped directly into the receiver, 
while, in case of the main heating system, it is 
desirable to seal the long horizontal return pipes 
in order to ensure quietness of operation. This 
is accomplished by establishing a “false water- 
line” at such a height as desired by the use of 
Fig. 12 shows a common 
arrangement for the return connections in a 
combination system of this kind. 

The traps for draining the different systems 
discharge into a vented receiver, as shown, and 
the water is pumped back to the boilers auto- 
matically. A water-level or seal of suitable 
height is maintained in the returns from the 
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direct heating system by the use of a water- 
line trap placed at the desired elevation. Part 
of the sections of the main heater should be 
valved fo rtaking either exhaust or live steam, 
and a back pressure valve opening at about 5 lb. 
should be placed in the outboard exhaust pipe, 
as shown. This acts as a relief, and opens when 
the pressure in the exhaust sections rises above 
the point at which it is set. In case it is desired 
to run the fan in mild weather when no heat 
is required, the back-pressure valve should be 
fastened open and all of the steam exhausted 
outboard. 

In case indirect supplementary heaters are 
placed at the base of the flues, instead of direct 
radiation being used, the heating surface may be 
reduced about one-half. 

This is because the higher velocity of the air 
passing over the heaters when placed in this 
position doubles their efficiency. Heaters of 
wrought-iron pipe are sometimes placed in the 
flues, but more commonly pin-radiators are hung 
at the basement ceiling and encased in galvanized 
iron. 

Temperature regulation may be obtained by 
placing mixing or by-pass dampers at the heat- 
ers, or by the use of automatic steam and return 
valves, which shut off and turn on the heaters as 
required. 
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to produce the necessary draft. Where it is con- 
venient, a heater of open construction containing 
30 or 4o sq. ft. of heating surface and placed in 
the flue just above the connection from the fix- 
tures will be found somewhat more effective. 

In large buildings an exhaust fan is usually 
connected with the sanitary fixtures. When this 
is done, a discharge of I0 to 12 cu. ft. of air 
per minute per fixture should be provided for, 
which gives a velocity of 125 to 150 ft. per minute 
through a pipe 4 in. in diameter, and is suff- 
cient to carry off all odors and also provide 
sufficient ventilation from the room. Disc fans 
are generally employed for this purpose although 
steel plate exhausters are advisable if the flues 
are long or restricted in area. 

Small toilet-rooms having a single fixture may 
be ventilated entirely through the local vent, the 
same ‘being connected with a 5 or 6-in. vertical 
pipe containing a loop of 34-in. steam pipe 6 or 8 
ft. in height. This vent-pipe may be carried up 
inside the yent-flue from a class or other room 
to a point 12 or 15 ft. above the last inlet opening 
from a room, and may then discharge into the 
general ventilation. When carried to this height 
there is very little danger of odors being carried 
downward into the rooms by back-drafts. 

Chemical hoods are either connected with a 
hot flue or are ventilated by means of a fan. 
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In all cases where a-fan is used for ventila- 
tion, a dial thermometer of large size or a spe- 
cial bulb. thermometer, with magnifying prism 
should be connected into the main duct at a con- 
venient point near the fan for indicating the tem- 
perature of the air being sent to the rooms. 

_ The ventilation of the toilet rooms of a school 

building is a matter of the greatest importance. 
The first requirement is that the air movement 
shall be into these rooms from the corridors in- 
stead of outward. To obtain this result it, is 
necessary to produce a slight vacuum within, and 
this cannot well be done if fresh air is forced into 
them. One of the most satisfactory arrange- 
ments is to provide exhaust ventilation only, and 
to remove the greater part of the air through, 
local vents connecting with the fixtures. 

There are different ways of doing this; one 
being to carry a galvanized-iron duct back of the 
fixtures, having a sectional area of about 12 sq. 
in. for each one, and connecting with the local 
vents by short branches. Sometimes a closed 
chamber is constructed of slate or marble back 
of the fixtures and the local vents connected di- 
rectly with it. Ducts are taken from the tops 
of these chambers and connected with heated 
flues or with exhaust fans. 

In the case of grammar schools or small high 
schools a loop of 2-in. pipe from 30 to 4o ft. high 
within the flue will usually furnish sufficient heat 


Where there are only three or four, a gas jet 
placed in the top of each, just below the outlet 
will often give sufficient draft. When there are 
a larger number of hoods to be ventilated, it is 
better- to connect them with a fan of sufficient 
capacity to change the-entire contents of all the 
hoods five or six times per minute. A fan for 
this purpose should be provided with copper 
blades and the connecting ducts should be either 
coated with asphaltum or made of tile. Fig. 13 
shows a good form of construction for a chemical 
hood. “A” is the fume closet, provided with a 
sliding sash in front,, which is prevented from 
closing €i.tirely by a stop “C.” “B” is a chamber 
common to all of the hoods and connects with a 
flue at the back as shown. The path of the air 
currents is indicated by the arrows. The bot- 
toms or floors of the fume closets are covered 
with slate slabs, and each is provided with a 
cupboard and shelf beneath. 


THE TUNNEL Unver Capirot Hitt at Wash- 
ington by which the Pennsylvania R. R. will 
reach the new Union Station has been completed. 
This tunnel is 4,033 ft. long and consists of two 
tubes separated by a masonry wall, each tube car- 
rying a single track, Through this tunnel trains 
to and from the south will secure direct com- 
munication with the new terminal station. 
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Compressed Air Locomotives. 


Compressed air locomotives are used in hand- 
ling the 11,700 tons of ore, limestone, coke and 
coal brought daily to the Washoe plant of the 
Anaconda Copper Mining Co. Counting re- 
handled materials twice, more than 13,000 tons 
are handled about the works by means of thir- 
teen compressed-air !ocomotives, twelve weigh- 
ing 13 tons each, and one, 21 tons. Each loco- 
motive carries two storage-tanks for its air-sup- 
ply, the air being taken from a pressure-system of 
pipes laid conveniently to the tracks, and having 
stations at which the locomotive stops to get its 
air-supply. This supply is carried at from 800 
to 900 Ib. per square inch. A reducing-valve be- 
tween the storage-tanks and the cylinder reduces 
the pressure to 150 lb. A fresh supply of air is 
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taken at times ranging from twenty to sixty min- 
utes, For this particular service, where the dis- 
tances run are short, and where the cars are 
frequently stopped and started, the compressed- 
air locomotives have been most satisfactory, for 
convenience, : reliability and simplicity of opera- 
tion. They have been in constant service since 
1900, and have needed only the natural running- 
repairs. They are operated over tracks aggre- 
gating 48 miles in length, which are distributed 
over the side-hill location of the works about 
half a mile square. The present locomotives 
have been able to stand the hardest:and roughest 
usage with but little injury. Under like condi- 
tions, it is believed that electric locomotives 
would have had coils burned out, short-circuiting 
and other troubles. 


Storinc Coax 1n Pirs capable of being flooded 
has been adopted’ at the new plant of the Western 
Electric Co., at Hawthorne, Ill. A plot about 
320 x 75 ft. has been excavated to a depth of 
about 12 ft., and lined and sub-divided by con- 
crete walls into twelve 80x25-ft. pits. Their bot- 
tom is the clay sub-soil and the walls are car- 


‘ried about 4 ft. above ground. The pits can be 


flooded by means of a 12-in. water main. The 
longitudinal division walls are wide enough to 
carry the tracks on which the coal is delivered. 
It is removed from. the pits by a steam shovel. 
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Letters to the Editor. 


Tue THeory oF FLEXURE OF REINFORCED 
CoNCRETE. 


- Sir: The writer was interested ard pleased 
in reading your discussion of the theory of flex- 
ure of reinforced concrete, appearing on page 
281 of your issue of Sept. 15. In the rather vol- 
uminous current literature on reinforced-concrete 
beams appearing during the past year or two in 
the technical journals, it appears to the writer 
that there has been quite a lot of refined as- 
sumptions and theories interjected into the sub- 
ject which have added little or nothing to the 
value of the discussion from the practical stand- 
point of a man who is under the necessity of de- 
signing and building reinforced-concrete beams 
that will stand up safely under required loads 
without being unnecessarily expensive in the use 
of material. 

To those who have been engaged in this latter 
work, and charged with its responsibilities, it is 
quite evident that the hair-splitting about the 
precise, probable or possible position of the neu- 
tral axis under initial and final loads, and 
whether or not the stresses in the compression 
side of the beams are properly expressed by the 
straight line or the parabola, sink into insignifi- 
‘cance as compared with the quality of the con- 
crete materials, their proportions, the care with 
which they are worked into the beam, and the 
excellence or inferiority in the quality of the 
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d = V(m ~ 140) 

Taking ¢ = 16,000 lb., p/t becomes 3.36 + 
16,000 = 2.1 per cent. 

When the depth of beam is fixed, the width 
may be found as follows: 

wp (4d X ¥%d) = m 

Therefore w= m — 5/120" p 

With p = 336, as above, w = m —~ 140d". 

It is believed that the assumed positions of the 
neutral axis and the center of compression in 
the compression side of the beam as above are 
well within permissible limits, as indicated by the 
general average results of almost all experiment- 
ers. Certainly any variations in the positions 
assumed will introduce elements of uncertainty 
much less than must be taken into consideration 
in the character and quality of the concrete it- 
self. The assumed positions cannot materially 
shift within the safe working stresses. 

Several hundred reinforced-concrete lintels, 
which have been constructed over the doors and 
windows of our machine shops at El Paso, Texas, 
and varying in spans up to I2 ft. are safe as 
tested by the foregoing formulas, and as further 
indicated by the fact that in no case has any 


_ of them broken under full working load. 


The accompanying photographs are of the test 
to destruction of lintels similar to those spanning 
the engine door openings of the machine shop. 
One of these shows the beams during loading. 
The men were removed and additional brick 
added until the beams finally failed by crushing 
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The above assumed permissible working 
stresses per square inch in the concrete have ref- 
erence, of course, to static loads only. 

Yours truly, J. L. CAMPBELL. 

Et Paso, TEex., Sept. 21. 


MIsTAKES IN WATERPROOFING, 


Sir: It is a pleasure to read the fair-minded 
letter on page 251 of your Sept. I issue, in reply 
to certain statements contained in the writer’s 
paper “Mistakes in Waterproofing.” Your corre- 
spondent, however, has unfortunately passed by 
one of the principal points in that paper, against 
the cement plaster method, and we beg to ask that 
he please answer it. The point, quoted, reads 
as follows: 


“It is against the logic of things to place the 
waterproofing in front (where in time it can be 
shoved off) of the line of resistance (the wall) 
instead of behind it. One of the chief uses of 
waterpoofing is to keep water entirely from the 
wall—instead of allowing it to come to and 
through it—and by capillarity work up and sat- 
urate the entire wall, and in the course of years 
press off the hardened cement (or even paint) 
coating on the other side, which it must finally 
do by the very law of nature.” Why permit the ~ 
saturation of the wall? 

However, to consider directly the points raised 
by your correspondent. He begins by saying that 
“all- waterproofing will crack,’ a very necessary 


Load on Beams. 


resulting concrete. Also that the necessary as- 
sumptions. as to permissible maximum stress in 
the extreme fiber, and the resulting mean pres- 
sure in the concrete under compression, affett 
the safety of the beam under load much more 
directly. and, materially.,than.the widest varia- 
tions in the opinions of the experts relative to 
the refined theoretical assumptions above: men- 
tioned. 

The writer submits, as safe and economical, 
the following formulas for practical work, for 
reinforced-concrete beams when the width is 
fixed : 


Let w = width of beam, 
d = depth from top of beam to center of 
steel, . 
Y%d = position of neutral axis above center 
of steel, 
54d = position of center of pressure above 
center of steel, 
p = mean pressure per square inch in con- 
crete above neutral axis, 
t = tension per square inch in steel, 
p/t = percentage of area of steel in terms 
a of area of concrete in compression. 
AB) m = maximum moment of total load. 


When width of beam is fixed, then 

pw (“wd X ¥d) =m 
Therefore, d = V (m ~ 5/12 p w) 
Taking maximum compression on extreme fiber 
of concrete at 504 Ib. per square inch, p becomes 
336, from which — 
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in the center on» the compression side, as indi- 
cated in the other photograph. The first lintel 
broke when the total distributed load on both 
was 68,120 lb. The second lintel broke when the 
total load on both was 72,180 lb. Just prior to 
beginning of failure by crushing, the deflection 
of the first beam was 1% in., and that of the 
second 1 in, The beams crushed and settled 
slowly through a period of about 20 seconds until 
they rested upon the timbers underneath, as in- 
dicated in the photograph. These beams were of 
12-ft. span, 11% in. deep from center of the 
steel reinforcement to the top of the beam, 12 
in. wide, and were reinforced against shearing 
by 4%-in. stirrups. 

Taking the mean total distributed load on both 
beams at the time they began to fail at 70,000 
Ib., the resulting moment of the load at the cen- 
ter of either beam would be 630,000 in.-lb. In 
formula No. 1 above, the safe moment would 
be m = 140wd? 

This formula applied to the beams in question 
would limit the safe load to one producing a 
maximum moment of 222,180 lb. Consequently, 
if these beams had been loaded no more than 
allowed by the formula, they would have a mean 
factor of safety of 2.87. The concrete in the 
lintels in question was mixed in the proportion of 
1,-2 and 4. For reinforced beams made with dif- 
ferent mixtures, the assumed allowed stress in 
the concrete would, of course, have to be varied 
accordingly. 


Beams After Test. 


claim in view of his next admission that “cement 
waterproofing will crack.” His first statement, 
however, cannot be accepted without his first 
properly proving the cracking of the particular 
waterproofing method described in the paper to 
which he replied—because' one of the basic prin- 
ciples of that method is elasticity vs. cracking. 
His having already admitted our claim that the 
cement will crack, that point is not now in dis- 
pute. But he cannot “for the sake of argument” 
as he expresses it, include in that admission as to 
his own material “all” waterproofing, because 
the point is too vital, it happening to be the basis 
on which rests his entire argument. Having 
assumed, therefore, “for the sake of argument,” 
a wrong premise, he must also assume the nat- 
urally wrong conclusion. 

We beg to bring your correspondent back to 
the real question at issue, which is, not all water- 
proofing, but the “membrane method” vs. the 
cement (plaster) method. The basic principles 
of the two methods are as divergent as the poles. 
There is plenty of room for interesting and profit- 
able discussion without over-reaching or assum- 
ing an erroneous premise simply for convenience 
or “for the sake of argument.” Each method 
rests on its own basis—and it should be a fairly 
easy matter to decide between the essential fea- 
tures of each. In one, the principle is elasticity, 
and in the other rigidity; in one, independence of 
the surface or structure, and in the other an 
integral part thereof. One yields to settlement and 


392 


contraction and expansion; the other cannot do 
so and cracks. 

Nor is it necessary to extend the definition of 
cracking so as to make it embrace cracks from 
settlement so great as to bring down the struc- 
ture, especially when it is also admitted that the 
cement method depends absolutely upon the’ im- 
movability of the structure or surface to which 
it is applied. No better evidence of this fact 
can be had than is furnished in the words of the 
guarantee quoted by your correspondent and 


which reads as follows: That the cement used 


“will fulfill its purposes as a waterproofing agent 
so long as the material on which it is placed 
remains in a sound and stable condition.” Your 
correspondent further says, “This claim can have 
but one interpretation; a guarantee that contrac- 
tors will be responsible for the material so long 
as the structure stands.” 

This interpretation is very wide of the words 
as nominated in the guarantee. There is a great 
deal of difference between a structure standing 
and its remaining “sound and stable.” A guar- 
antee under such conditions is the safest thing 
possible for the guarantor—hence so readily given. 
The writer has always contended that a founda: 
tion waterproofing guarantee is practically worth- 
less. There is abundant experience and evidence 
(aside from that furnished by the above men- 
tioned guarantee) to this effect. A roofing guar- 
antee, on the other hand, is of considerable value 
because the conditions are entitely different. On 
close analysis it would be seen that the above 
quoted “guarantee” really guarantees nothing— 
except that the cement will crack and that it 
will not yield to natural settlement of the wall, 
contraction and expansion, to the jar or shock of 
heavy machinery, street traffic, blasting, etc. We 
do not refer to the old school process of using 
tar and tar paper. Of what use is a waterproofing 
which will not accommodate itself to the wall, 
instead of having the wall accommodate itself 
to the waterproofing (i. e., of having the owner 
guarantee that his wall will not crack your water- 
proofing). Waterproofing is applied to protect 
the surface waterproofed under all conditions— 
settlement, jars, shocks, expansion, contraction, 
heat, cold, water, snow, ice, etc. To accommodate 
itself to and protect the wall or other surface 
under above described conditions is exactly what 
the elastic “membrane method” does, and what 
the rigid cement method, by its own guarantee, 
does not and cannot do. It matters not then how 
durable may be the cement. 

Further, in addition to the undesirability, on 
general principles, of ‘permitting water to soak 
through the entire wall and gradually work its 
way upward, the presence of moisture or water in 
the wall constantly pressing against the thin layer 
of cement plaster on its inner surface is to make 
the entire wall, including the’ cement coating, so 
cool or cold as to make it difficult if not impos- 
sible to heat the wall and prevent condensation 
thereon. As it will be also practically impos- 
sible to drive the moisture out of the wall, the 
condition will grow more serious with time. As 
furnaces and boilers are placed in the foundation 
and heat draws waters, instead of driving the 
water out of the wall it will tend to draw it 
through it. All this aside from any considera- 
tion of the cracking of the cement itself. On the 
other hand, the “membrane method” not only in- 
sulates the wall against the surrounding earth, 
but keeps the water entirely, away from and out 
of the wall, making a dry wall susceptible of 
heat or warmth and preventing condensation 
thereon, 

No one will deny that the saving of space by 
placing a waterproofing on the inner surface of 
foundation walls is a desirable thing, but the value 
of the space saved is infinitesimal compared to 
the healthfulness and safety of the very founda- 
tion of the structure itself, by the use of a logi- 
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cal, natural method of waterproofing which will 
prevent the saturation and constant wet condition 
of the entire walls. 

Your correspondent’s point with reference to 
the word “patch” is illogical because of a miscon- 
struction of the term. The writer used it in its 
right sense, meaning to repair; not fabrication 
as your correspondent uses it. Fabricating the 
various strands into a rope is, for instance, not 
repairing. He admits, however, that while 
“patching is not perfection,” that “with cement it 
is possible to make a perfect patch.” 

His final point that “it is only fair to state 
that there is but one cement that is a positive 
waterproofing agent” is one of his strongest argu- 
ments in favor of the “membrane method.” As 
there are quite a number of cements on the mar- 
ket, his agreeing with us that none of them are 
of any waterproofing value excepting one, is 
exceedingly strong evidence in support of our 
argument against the cement method generally, 
and would practically prove 99 per cent. of our 


st a“ 


-case. 


The writer in his paper stated that cement 
waterproofing could not be used on a roof. Your 
correspondent says in reply, “We are also told 
that cement waterproofing cannot be used on a 
roof, whereas, at this very time the roof of 
the White House at Washington is being so 
waterproofed.” This seems misleading, ‘The 
writer was authoritatively informed that the 
contract for the roofing for the East and West 
Terraces at the White House called for a water- 
proof fabric or felt, and over it a certain cement 
plaster. ~The writer when recently in Washington 
and at the White House terrace work saw this 
fabric, which is a grit-covered prepared roofing 


made by a New York State roofing manufac- _ 


turer. This roofing being in place, over it was ap- 
plied, as a wearing or walking surface, the cement 
“waterproofing.” If the cement per se were suffi- 
cient for waterproofing the terraces, why was it 
not used alone? Why was it first necessary to 
waterproof the roof with a roofing, if it were not 
for the admitted fact that the cement plaster 
would crack, especially under the severe tem- 
perature and weather changes to which it would 
be exposed—thus making it, precisely as the writer 
claimed, unsuited in itself for roofing? Do these 
facts not also greatly tend to prove the lack of 
waterproofness, under general conditions, of the 
cement method. It is unfortunate that your cor- 


respondent should have made the statement he did 


regarding the roof of the White House without 
mentioning the use of the felt roofing under the 
ceinent. We think your correspondent should 
have an opportunity to correct his original state- 
ment: ; 
Very truly yours, ~ Epw. W. De Kwnicur. 
New York, Sept. 15. 


Sir: Just at this season we are so busy apply- 
ing cement waterproofing that we have but lim- 
ited time to write theoretical discussions upon 
the subject. Our answer, therefore, to the let- 
ter, printed above is, not as full as so brilliant 
a literary achievement warrants. But time at 
least must be found in which to answer the 
“principal point,’ which we are told was so un- 
fortunately passed by in the writer’s former let 
ter, “why permit the saturation of the wall?” 
It is an admitted fact among engineers that 
brick, stone, or concrete masonry properly con- 
structed of sound materials and with cement 
mortar will not disintegrate nor deteriorate if 
submerged in water. In fact, many authorities 
hold that concrete is materially benefited by be- 
ing constantly wet. If, then, remaining in a 


wet condition does no injury to the wall, why go ° 


to infinite pains and expense to keep it dry 
throughout? So long as water does not come 
through the wall, and there is not the slightest 
evidence of dampness upon the inner surface, 


Vor. 54, No. 14. 


nothing more is necessary. It should be borne 


in mind that by the cement process the cost of 


furring and of the finished plaster surface is 
saved, and that valuable space is acquired in the 
basement, which in a short time will in rentals 
equal the entire cost of the waterproofing. So 


far from being “logical,’ it would seem a use- 


less proceeding to place waterproofing in a way 


which interferes with the general progress of — 


construction, in a position where it can never 
be reached again, and wheré either costly excava- 
tion must be done or space sacrificed. 


As for capillary attraction, which seems such — 


a.menace to your correspondent, in few walls 
have we seen dampness extend beyond 24 in. 
above grade. 
to find a single instance where by “capillary at- 


traction the water has worked up and saturated — 


the entire wall.” If, however, it ever becomes 
the practice to build walls of such porous or ab- 


' 


It has not been our misfortune 


sorbent material that this phenomenon should ae 


take place, it would be a most simple and eco- 
nomical proceeding to return the cement water- 
proofing through the wall from the inner surface 
to the outer, at or slightly above grade, thus 
checking absolutely this creeping tendency, which 
seems to be regarded with such dread. 

Your correspondent states that cement “will 
not yield to natural settlement of the wall.” 


Until he explains to us his definition of “natural — 
settlement,” and how such differs from unnat-— 


ural settlement, we cannot answer the point. 
But we cheerfully admit fhat if his “membrane 
method” will, as he states, under all conditions 
of settlement, jars, shocks, etc., remain intact, 
he has solved a great problem. But perhaps we 
are interpreting too literally, and that he means 
“natural” settlement, “natural” jars, “natural” 
shocks, etc. 

As for heat, cold, water, snow and ice, cement 
will stand as much of these as will any paper, 
felt, pitch, asphalt or other material we have 
seen used as a waterproof agent. 
of actual experience we have encountered no ex- 
pansion nor contraction below grade which is 
sufficient to cause trouble to cement waterproof- 
ing. And when the jar or shock from machin- 
ery begins to do so, it would appear that the 
mechanical engineer had better look to the ar- 
rangement of his plant to remedy the evil before 
his appliances are racked to pieces. : 

Regarding condensation, we must again call 
upon actual experience as against theory. We 
have found that walls waterproofed upon inner 
surfaces with cement are no more subject to 
this cause of dampness than those waterproofed 
upon outer surfaces. Where proper ventilation 
exists no condensation is found upon any walls 
waterproofed with cement. 

As for the roofs of the White House terraces, 
the writer was not aware that any fabric or felt 
was used in this work. But he does not credit 
the statement that the Hydrolithic cement is used 
solely as a wearing surface. If this is to act 
simply as a pavement, why go to the unnecessary 
expense of employing a cement which in cost 
is about double that of ordinary Portland, with 
which can be produced the very best grano- 
lithic finish. For an answer to these last ques- 
tions we refer your correspondent to the Chi- 
cago firm which is doing the work at the White 


House, and which we believe will be glad to have 


an opportunity to answer. 
fi Frep’K S. GREENE. 
Sands Point, N. Y., Sept. 30. 


Forestry Work is now done by fourteen States, 
six of which employ technically trained foresters. 
The State of Washington has made provision for 
both a forest commission and a forester, and 
Maryland has enacted a law providing for a for- 
ester and granting power to purchase lands suit- 
able for forest reserves. : 


As a matter | 


